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Water and Sediment Quality Data 



Station: M-PC-87-04 M-PC-87-05 M-PC-87-06 M-PC-87-07 M-PC-87-08
Date: 10/13/87 10/13/87 10/13/87 10/13/87 10/13/87

Channel Station: 20+000 25+000 30+000 35+000 40+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 46.5 10.6
Silt % 47.2 78.3
Clay % 6.3 11.2
D50 mm 0.07 0.02
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 1.96 <2.0 <2.0 2.40 <2.0 <2.0 2.20 <2.0 <2.0 1.62 <2.0 <2.0 2.43
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 3.66 <10.0 <10.0 9.62 <10.0 <10.0 10.29 <10.0 <10.0 12.06 <10.0 <10.0 13.46
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 1.63 <1.0 <1.0 3.02 <1.0 5.2 5.35 <1.0 3.2 4.96 <1.0 8.0 6.73
Lead µg/L mg/kg 210 133 46.7 <5.0 12.0 3.26 <5.0 22.0 4.67 <5.0 6.0 5.76 <5.0 12.0 7.45 <5.0 <5.0 6.73
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 23.4 47.8 2.85 27.4 47.2 6.59 31.6 50.4 7.82 29.4 44.6 7.80 35.4 92.8 8.65
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Zinc µg/L mg/kg 90 92.7 150 8.0 73.0 9.77 40.0 14.6 19.51 13.4 15.6 22.63 15.2 12.6 24.82 7.6 620.0 28.85
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-87-09 M-PC-87-10 M-PC-87-11 M-PC-87-13 M-PC-87-14
Date: 10/13/87 10/13/87 10/13/87 10/13/87 10/13/87

Channel Station: 45+000 50+000 55+000 65+000 70+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 6.3 8.6 3.2
Silt % 75.6 72.5 79.7
Clay % 18.1 18.9 17.2
D50 mm 0.01 0.01 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 1.96 <2.0 <2.0 2.13 <2.0 <2.0 2.62 <2.0 <2.0 2.57 <2.0 <2.0 1.69
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 13.04 <10.0 <10.0 11.61 <10.0 <10.0 11.8 <10.0 <10.0 12.30 <10.0 <10.0 13.22
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 3.4 5.93 <1.0 4.2 4.02 <1.0 3.6 4.72 <1.0 <1.0 5.16 3.4 7.0 5.29
Lead µg/L mg/kg 210 133 46.7 <5.0 14.0 8.70 <5.0 <5.0 6.25 6.0 <5.0 9.91 <5.0 <5.0 8.73 <5.0 <5.0 9.25
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 34.4 43.0 7.91 35.0 36.8 8.93 30.0 44.8 8.96 23.6 45.2 6.75 32.2 57.4 7.05
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Zinc µg/L mg/kg 90 92.7 150 33.2 18.6 27.67 36.2 13.8 22.77 7.8 23.8 25.47 34.6 41.6 25.40 11.0 66.8 25.11
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

D
-1



Station: M-PC-87-15 M-PC-87-16 M-PC-87-17 M-PC-87-18 M-PC-87-19
Date: 10/13/87 10/13/87 10/12/87 10/12/87 10/12/87

Channel Station: 75+000 80+000 85+000 90+000 95+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 2.9 1.2 1.3
Silt % 68.2 76.8 75.9
Clay % 28.9 22.0 22.8
D50 mm 0.01 0.01 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 2.31 <2.0 <2.0 2.02 <2.0 <2.0 2.97 <2.0 <2.0 2.44 <2.0 <2.0 1.02
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 12.3 <10.0 <10.0 12.7 <10.0 <10.0 13.5 <10.0 <10.0 13.5 <10.0 <10.0 11.1
Copper µg/L mg/kg 4.8 3.6 34.0 3.0 8.6 4.90 2.4 <1.0 5.68 <1.0 <1.0 7.14 3.2 <1.0 5.64 <1.0 <1.0 4.68
Lead µg/L mg/kg 210 133 46.7 <5.0 18.0 8.33 <5.0 12.0 7.86 <5.0 6.0 7.14 12.0 8.0 5.64 14.0 <5.0 2.13
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 34.6 47.2 6.86 32.0 47.8 7.42 25.2 38.2 25.6 25.4 91.6 8.27 30.8 37.6 7.66
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Zinc µg/L mg/kg 90 92.7 150 9.4 38.2 23.0 12.4 73.2 24.5 22.0 6.2 109 11.2 646.0 25.2 32.8 15.4 21.3
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-87-20 M-PC-87-21 M-PC-87-22 M-PC-87-23 M-PC-87-24
Date: 10/12/87 10/12/87 10/12/87 10/12/87 10/12/87

Channel Station: 100+000 105+000 110+000 115+000 117+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 9.3 0.3
Silt % 76.4 82.7
Clay % 14.3 17.1
D50 mm 0.02 0.02
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 1.50 <2.0 <2.0 2.06 <2.0 <2.0 1.64 <2.0 <2.0 2.91 <2.0 <2.0 2.61
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 7.91 <10.0 <10.0 11.64 <10.0 <10.0 9.00 <10.0 <10.0 9.41 <10.0 <10.0 10.51
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 4.19 <1.0 5.0 6.03 <1.0 <1.0 4.74 <1.0 <1.0 5.10 <1.0 <1.0 5.45
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 0.47 <5.0 6.0 3.45 8.0 <5.0 5.69 <5.0 <5.0 5.88 <5.0 <5.0 4.67
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 25.0 41.0 7.91 21.8 44.8 7.33 27.2 47.4 8.53 30.8 47.6 5.10 26.2 48.6 6.61
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Zinc µg/L mg/kg 90 92.7 150 105 9.0 19.1 31.4 32.2 71.98 10.6 12.4 27.01 <5.0 24.8 49.02 49.0 6.8 21.01
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-87-DA10 M-PC-87-DA8 M-PC-87-REF10 M-PC-87-REF8 M-J-88-03
Date: 10/13/87 10/13/87 10/13/87 10/13/87 12/18/88

Channel Station: 60+000 37+500 60+000 37+500 -10+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 92.8 93.2 98.3
Silt % 6.3 5.8 1.5
Clay % 0.9 1.1 0.2
D50 mm 0.15 0.12 0.30
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <1.00 <2.0 <1.00 <2.0 <2.0 1.89 <2.0 <2.0 2.50 <2.0 <2.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <0.1 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 1.15
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 1.26 <10.0 1.46 <10.0 <10.0 9.12 <10.0 <10.0 11.51 <10.0 <10.0 <1.0
Copper µg/L mg/kg 4.8 3.6 34.0 3.4 <1.00 1.6 <1.00 5.0 <1.0 5.26 6.6 <1.0 6.83 <1.0 <1.0 <1.00
Lead µg/L mg/kg 210 133 46.7 7.0 <1.00 <5.0 1.03 <5.0 <5.0 3.16 <5.0 <5.0 3.96 <5.0 <5.0 <1.00
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.1 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 44.2 <1.00 38.6 1.03 28.8 39.4 5.26 25.8 44.0 7.55 <5.0 <5.0 <1.00
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <1.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <0.50
Zinc µg/L mg/kg 90 92.7 150 246.0 2.63 194.0 3.79 43.8 19.6 22.46 12.2 7.8 26.26 <5.0 <5.0 1.97
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <0.5 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-J-88-04 M-J-88-05 M-J-88-DA1 M-J-88-REF1 M-PC-89-16
Date: 12/18/88 12/18/88 12/18/88 12/18/88 9/21/89

Channel Station: -15+000 -20+000 -15+000 -15+000 80+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 84.1 80.6 99.0 92.6 3.8
Silt % 8.5 11.2 0.9 5.4 83.7
Clay % 7.4 8.2 0.1 2.0 12.5
D50 mm 0.19 0.12 0.23 0.13 0.06
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 1.87 <10.0 <10.0 3.00 <10.0 <1.00 <10.0 <10.0 2.40 <10.0 <10.0 6.20
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 <1.00 <1.0 <1.0 2.20 <1.0 <1.00 <1.0 <1.0 1.80 <1.0 <1.0 3.90
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 1.72 <5.0 <5.0 1.20 <5.0 <1.00 <5.0 <5.0 1.60 <5.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 <1.00 <5.0 <5.0 3.30 <5.0 <1.00 <5.0 <5.0 2.70 <5.0 <5.0 4.10
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 2.10 <2.0 <2.0 <0.50 <2.0 <0.50 <2.0 <2.0 <0.50 <2.0 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 <5.0 <1.00 <5.0 <5.0 9.40 <5.0 1.70 <5.0 <5.0 10.40 <5.0 <5.0 15.9
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-89-17 M-PC-89-18 M-PC-89-19 M-PC-89-20 M-PC-89-21
Date: 9/21/89 9/21/89 9/21/89 9/21/89 9/21/89

Channel Station: 85+000 90+000 95+000 100+000 105+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 26.8 29.5
Silt % 31.5 33.6
Clay % 41.7 36.9
D50 mm 0.05 0.05
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 5.0 <1.0 <2.0 4.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 6.20 <10.0 <10.0 7.20 <10.0 <10.0 6.70 <10.0 <10.0 4.50 <10.0 <10.0 4.70
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 40.0 <1.0 <1.0 4.70 <1.0 <1.0 3.80 <1.0 <1.0 3.50 <1.0 <1.0 3.40
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 3.90 <5.0 <5.0 5.00 <5.0 <5.0 3.80 <5.0 <5.0 3.10 <5.0 <5.0 3.50
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 <5.0 16.2 <5.0 <5.0 17.6 <5.0 <5.0 16.6 <5.0 <5.0 12.5 <5.0 <5.0 13.3
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-89-22 M-PC-89-23 M-PC-89-24 M-PC-89-DA-14 M-PC-89-DA-15
Date: 9/21/89 9/21/89 9/21/89 9/21/89 9/21/89

Channel Station: 110+000 115+000 117+000 85+000 90+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 2.7 1.3 14.4 6.6
Silt % 36.7 48.6 46.3 41.6
Clay % 60.6 50.1 39.3 51.8
D50 mm 0.00 0.01 0.01 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 4.0 <1.0 <2.0 <1.0 <2.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <0.1 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 4.60 <10.0 <10.0 4.50 <10.0 <10.0 10.10 <10.0 8.00 <10.0 4.50
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 3.40 <1.0 <1.0 3.40 <1.0 <1.0 3.50 <1.0 4.60 <1.0 30.00
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <1.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.1 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 3.10 <5.0 <5.0 3.40 <5.0 <5.0 5.40 <5.0 4.90 <5.0 2.60
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <0.5 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 <5.0 13.1 <5.0 <5.0 12.7 <5.0 <5.0 13.8 <5.0 19.6 <5.0 11.7
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <0.5 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

D
-4



Station: M-PC-89-DA-16 M-PC-89-DA-17 M-PC-89-REF-15 M-PC-89-REF-16 M-PC-89-REF-17
Date: 9/21/89 9/21/89 9/21/89 9/21/89 9/21/89

Channel Station: 97+000 105+000 90+000 97+000 105+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.7 56.7 20.0 14.5 19.9
Silt % 43.6 15.7 40.5 46.8 33.7
Clay % 54.7 27.6 39.5 38.7 46.4
D50 mm 0.00 0.09 0.05 0.05 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <1.0 <2.0 <1.0 <2.0 3.0 <1.0 <2.0 <2.0 <1.0 <2.0 8.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <0.1 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1 <2.0 <2.0 <0.1
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 7.70 <10.0 3.80 <10.0 <10.0 5.90 <10.0 <10.0 3.30 <10.0 <10.0 5.00
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 4.60 <1.0 3.20 <1.0 <1.0 40.0 <1.0 <1.0 2.50 <1.0 <1.0 3.60
Lead µg/L mg/kg 210 133 46.7 <5.0 <1.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.1 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 4.60 <5.0 3.30 <5.0 <5.0 3.90 <5.0 <5.0 2.30 <5.0 <5.0 3.40
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <0.5 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 10.4 <2.0 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 19.0 <5.0 10.3 <5.0 <5.0 15.6 <5.0 <5.0 <1.0 <5.0 <5.0 13.9
TOC mg/L mg/kg N/A N/A N/A
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <0.5 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-91-03 M-PC-91-05 M-PC-91-07 M-PC-91-09 M-PC-91-11
Date: 5/9/91 5/9/91 5/9/91 5/9/91 5/9/91

Channel Station: 15+000 25+000 35+000 45+000 55+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 67.5 20.2 10.3 1.5 1.6
Silt % 22.9 54.9 46.5 51.0 41.4
Clay % 9.6 24.9 43.2 47.5 57.0
D50 mm 0.19 0.06 0.03 0.01 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 <1.0 5.8 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.10 2.3 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 5.50 <10.0 <10.0 6.20 <10.0 <10.0 3.50 <10.0 <10.0 4.26 <10.0 <10.0 3.19
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 2.70 <1.0 <1.0 2.80 <1.0 <1.0 2.60 <1.0 <1.0 2.69 <1.0 <1.0 2.36
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 2.90 <5.0 <5.0 3.30 <5.0 <5.0 2.60 <5.0 <5.0 3.10 <5.0 <5.0 2.34
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 50.0 12.80 <5.0 13.2 15.30 <5.0 8.0 10.90 <5.0 <5.0 12.20 54.0 <5.0 9.48
TOC mg/L mg/kg N/A N/A N/A 9.60 17.10 49.8 10.00 15.25 58.2 12.00 8.00 <100.0 5.45 16.20 68.0 13.15 18.20 68.0
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-91-13 M-PC-91-15 M-PC-91-16 M-PC-91-17 M-PC-91-18
Date: 5/9/91 5/9/91 5/9/91 5/9/91 5/9/91

Channel Station: 65+000 75+000 80+000 85+000 90+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 8.8 7.8 6.2 3.2 1.2
Silt % 47.1 52.6 45.1 39.0 49.8
Clay % 44.1 39.6 48.7 57.8 49.0
D50 mm 0.01 0.05 0.01 0.00 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 3.47 <10.0 <10.0 3.84 <10.0 <10.0 2.96 <10.0 <10.0 2.78 <10.0 <10.0 2.82
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 2.28 <1.0 <1.0 2.38 <1.0 <1.0 2.20 <1.0 <1.0 1.97 <1.0 <1.0 2.06
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 2.24 <5.0 <5.0 2.28 <5.0 <5.0 1.77 <5.0 <5.0 1.93 <5.0 <5.0 2.13
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 <5.0 9.33 <5.0 <5.0 10.20 <5.0 <5.0 7.64 <5.0 <5.0 7.51 <5.0 <5.0 8.29
TOC mg/L mg/kg N/A N/A N/A 8.00 17.05 61.0 16.20 15.60 84.0 13.20 15.10 <100.0 6.00 17.40 91.0 7.70 12.90 71.0
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-91-19 M-PC-91-20 M-PC-91-21 M-PC-91-22 M-PC-91-23
Date: 5/9/91 5/9/91 5/9/91 5/9/91 5/9/91

Channel Station: 95+000 100+000 105+000 110+000 115+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.7 1.4 1.2 16.6 0.4
Silt % 41.9 27.7 52.1 34.5 55.3
Clay % 56.4 70.9 46.7 48.9 44.3
D50 mm 0.00 0.00 0.01 0.01 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 <1.0 8.2 <2.0 <1.0 9.6 <2.0 <1.0 8.9 <2.0 <1.0 11.0 3.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 2.72 <10.0 <10.0 3.67 10.6 <10.0 3.23 14.0 <10.0 0.67 15.0 <10.0 2.01
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 1.60 <1.0 <1.0 1.75 <1.0 <1.0 1.92 1.3 <1.0 0.58 <1.0 <1.0 1.55
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 1.73 <5.0 <5.0 1.99 <5.0 <5.0 2.02 <5.0 <5.0 0.63 <5.0 <5.0 1.25
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 <5.0 7.05 <5.0 <5.0 8.71 <5.0 <5.0 8.27 <5.0 <5.0 2.07 <5.0 <5.0 5.83
TOC mg/L mg/kg N/A N/A N/A 7.00 15.50 64.0 9.70 6.70 71.0 14.80 5.40 105.0 12.00 17.20 <100.0 19.70 13.60 153.0
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-91-24 M-PC-91-DA 11 M-PC-91-DA 15 M-PC-91-DA 17 M-PC-91-DA 8
Date: 5/9/91 5/9/91 5/9/91 5/9/91 5/9/91

Channel Station: 117+000 65+000 90+000 105+000 35+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.0 64.6 59.5 86.3 77.8
Silt % 52.7 17.6 20.0 8.5 21.7
Clay % 46.3 17.8 20.5 5.2 0.5
D50 mm 0.01 0.12 0.13 0.25 0.11
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 2.9 3.0 <1.0 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 5.7 <2.0 <1.0 6.9 <2.0 <1.0
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 2.2 <2.0 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 11.5 <10.0 3.54 <10.0 <10.0 4.90 <10.0 <10.0 2.98 <10.0 <10.0 2.63 <10.0 <10.0 0.82
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 1.75 <1.0 <1.0 2.15 <1.0 <1.0 1.59 <1.0 <1.0 1.82 <1.0 <1.0 0.64
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 1.99 <5.0 <5.0 2.48 <5.0 <5.0 1.73 <5.0 <5.0 1.72 <5.0 <5.0 0.77
Silver µg/L mg/kg 1.9 2.0 1.00
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5
Zinc µg/L mg/kg 90 92.7 150 <5.0 <5.0 8.56 77.0 33.0 11.19 <5.0 10.3 7.69 10.0 7.6 7.37 12.1 6.9 3.04
TOC mg/L mg/kg N/A N/A N/A 10.40 13.80 <100.0 14.30 15.60 49.0 13.50 14.50 <100.0 11.80 17.70 <100.0 13.10 12.85 <100.0
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-91-REF 11 M-PC-91-REF 15 M-PC-91-REF 17 M-PC-91-REF 8 M-PC-93-03
Date: 5/9/91 5/9/91 5/9/91 5/9/91 8/4/93

Channel Station: 65+000 90+000 105+000 35+000 15+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 41.3 65.8 53.5 57.1 25.5
Silt % 26.8 13.9 29.0 23.7 47.6
Clay % 31.9 20.3 17.5 19.2 26.9
D50 mm 0.06 0.15 0.13 0.09 0.05
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <2.0 <2.0 <1.0 <2.0 <2.0 <1.0 3.7 <2.0 <1.0 5.9 <2.0 <1.0 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <2.0 <2.0 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <10.0 <10.0 3.90 <10.0 <10.0 2.59 <10.0 <10.0 6.70 <10.0 21.3 2.22 <1.0 <1.0 5.80
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 2.11 <1.0 <1.0 1.89 <1.0 <1.0 2.63 <1.0 <1.0 2.09 <1.0 <1.0 2.30
Lead µg/L mg/kg 210 133 46.7 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <5.0 <5.0 <1.0 <1.0 <1.0 3.40
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.1 <0.2 <0.2 <0.10
Nickel µg/L mg/kg 74 118 20.9 <5.0 <5.0 2.07 <5.0 <5.0 1.68 <5.0 <5.0 3.30 <5.0 <5.0 1.94 <1.0 <1.0 3.80
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.5 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 83.0 36.0 10.30 <5.0 <5.0 7.20 <5.0 14.9 14.68 60.0 <5.0 9.40 39.0 52.0 13.6
TOC mg/L mg/kg N/A N/A N/A 12.50 19.80 <100.0 16.20 16.70 <100.0 12.70 14.40 <100.0 11.80 18.80 <100.0 4.10 3.30 41.0
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.0 <5.0 <0.5 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <10.0 <10.0 <10.0 <10.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-93-05 M-PC-93-07 M-PC-93-09 M-PC-93-11 M-PC-93-13
Date: 8/4/93 8/4/93 8/4/93 8/4/93 8/4/93

Channel Station: 25+000 35+000 45+000 55+000 65+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 46.0 25.5 22.2 2.9 0.7
Silt % 28.8 36.5 62.6 38.9 37.1
Clay % 25.2 38.0 15.2 58.2 62.2
D50 mm 0.06 0.01 0.05 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 9.10 <1.0 <1.0 10.70 <1.0 <1.0 10.40 <1.0 <1.0 11.90 <1.0 <1.0 10.10
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 3.80 <1.0 <1.0 4.30 <1.0 <1.0 5.80 <1.0 <1.0 4.30 <1.0 <1.0 3.40
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 5.80 <1.0 <1.0 6.20 <1.0 <1.0 6.40 <1.0 <1.0 5.60 <1.0 <1.0 5.80
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 6.20 <1.0 <1.0 6.70 <1.0 <1.0 8.60 <1.0 <1.0 6.50 <1.0 <1.0 5.40
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 38.0 61.0 21.7 28.0 60.0 24.2 33.0 39.0 21.9 33.0 51.0 25.1 32.0 46.0 21.6
TOC mg/L mg/kg N/A N/A N/A 3.30 3.00 41.0 6.30 8.80 37.0 5.60 7.90 42.0 4.80 8.10 58.0 9.70 9.10 47.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 7.2 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-93-15 M-PC-93-17 M-PC-93-19 M-PC-93-20 M-PC-93-21
Date: 8/4/93 8/4/93 8/4/93 8/4/93 8/4/93

Channel Station: 75+000 85+000 95+000 100+000 105+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.1 1.0 27.4 46.6 5.6
Silt % 51.1 45.0 31.7 22.9 42.6
Clay % 47.8 54.0 40.9 30.5 51.8
D50 mm 0.01 0.00 0.01 0.06 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 10.60 <1.0 <1.0 10.00 <1.0 <1.0 8.40 <1.0 <1.0 7.30 <1.0 <1.0 10.10
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 3.50 <1.0 <1.0 3.80 <1.0 <1.0 3.40 <1.0 <1.0 3.40 <1.0 <1.0 3.70
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 6.40 <1.0 <1.0 6.20 <1.0 <1.0 4.30 <1.0 <1.0 5.30 <1.0 <1.0 6.80
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 5.40 <1.0 <1.0 5.90 <1.0 <1.0 4.60 <1.0 <1.0 4.20 <1.0 <1.0 5.50
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 21.0 54.0 21.8 17.0 41.0 21.6 16.0 33.0 18.8 12.0 50.0 17.2 13.0 34.0 21.5
TOC mg/L mg/kg N/A N/A N/A 5.70 10.40 51.0 7.80 8.90 45.0 9.90 10.90 46.0 9.00 12.60 53.0 13.90 11.10 39.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-93-22 M-PC-93-23 M-PC-93-DA14 M-PC-93-DA9 M-PC-93-REF14
Date: 8/4/93 8/4/93 8/4/93 8/4/93 8/4/93

Channel Station: 110+000 115+000 85+000 45+000 85+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 11.7 0.5 40.8 19.2 25.3
Silt % 40.3 35.7 35.7 48.7 34.6
Clay % 48.0 63.8 23.5 32.1 40.1
D50 mm 0.01 0.00 0.06 0.04 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <0.10 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 9.00 <1.0 <1.0 8.40 <1.0 8.60 <1.0 9.40 <1.0 <1.0 9.10
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 3.50 <1.0 <1.0 3.20 <1.0 3.50 <1.0 4.10 <1.0 <1.0 3.70
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 5.70 <1.0 <1.0 5.00 <1.0 5.60 <1.0 6.70 <1.0 <1.0 6.00
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.10 <0.2 <0.2 <0.10 <0.2 <0.10 <0.2 <0.10 <0.2 <0.2 <0.10
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 5.00 <1.0 <1.0 44.8 <1.0 4.90 <1.0 6.40 <1.0 <1.0 4.90
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <0.10 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <0.20 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 14.0 51.0 19.9 15.0 48.0 18.7 24.1 19.1 29.0 22.5 21.0 29.0 20.2
TOC mg/L mg/kg N/A N/A N/A 8.10 11.20 42.0 12.90 11.60 46.0 9.40 37.0 4.40 42.0 8.00 8.90 46.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <0.50 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 66.7 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-93-REF9 M-PC-95-03 M-PC-95-04 M-PC-95-05 M-PC-95-06
Date: 8/4/93 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 45+000 15+000 20+000 25+000 30+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 39.2 78.8 55.4 25.9 35.3
Silt % 40.6 12.1 35.2 51.8 46.8
Clay % 20.2 9.1 9.4 22.3 17.9
D50 mm 0.06 0.17 0.11 0.04 0.06
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 6.10 <1.0 <0.10 3.05 <1.0 <1.0 4.76 <1.0 <1.0 8.76 <1.0 <1.0 8.21
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 2.20 <1.0 <1.0 3.01 <1.0 <1.0 3.73 <1.0 <1.0 6.29 <1.0 <1.0 7.33
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 3.70 <1.0 <1.0 6.19 <1.0 <1.0 8.86 <1.0 <1.0 14.94 <1.0 <1.0 15.93
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.10 <0.2 <1.0 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 3.90 <1.0 <0.2 3.90 <1.0 <1.0 5.48 <1.0 <1.0 8.65 <1.0 <1.0 9.63
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <1.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 28.0 75.0 13.7 <1.0 <2.0 12.46 <1.0 <1.0 19.70 <1.0 <1.0 28.86 <1.0 <1.0 31.88
TOC mg/L mg/kg N/A N/A N/A 6.20 8.00 40.0 6.52 <1.0 <100.0 4.95 6.91 <100.0 9.61 4.06 <100.0 10.10 5.07 <100.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 18.19 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <5.00 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-95-07 M-PC-95-08 M-PC-95-09 M-PC-95-10 M-PC-95-11
Date: 6/22/95 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 35+000 40+000 45+000 50+000 55+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 4.1 64.2 8.1 7.6 20.2
Silt % 84.7 11.2 76.9 47.3 26.1
Clay % 11.2 24.6 15.0 45.1 53.7
D50 mm 0.06 0.10 0.06 0.01 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 11.12 <1.0 <1.0 7.85 <1.0 <1.0 8.91 <1.0 2.4 13.85 <1.0 <1.0 8.72
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 8.26 <1.0 <1.0 7.28 <1.0 <1.0 7.95 <1.0 <1.0 10.46 <1.0 <1.0 8.31
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 18.09 <1.0 <1.0 16.22 <1.0 <1.0 18.64 <1.0 <1.0 27.77 <1.0 <1.0 19.68
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 10.42 <1.0 <1.0 9.05 <1.0 <1.0 10.15 <1.0 <1.0 13.24 <1.0 <1.0 9.67
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 <1.0 36.71 <1.0 5.3 29.76 <1.0 8.7 33.36 <1.0 <1.0 47.02 <1.0 6.4 32.79
TOC mg/L mg/kg N/A N/A N/A 7.10 12.92 <100.0 8.11 9.12 <100.0 13.60 10.34 <100.0 12.10 7.09 <100.0 4.35 18.36 166.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 1.84 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 344.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-95-12 M-PC-95-13 M-PC-95-14 M-PC-95-15 M-PC-95-16
Date: 6/22/95 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 60+000 65+000 70+000 75+000 80+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 10.0 6.2 6.8 4.9 24.7
Silt % 48.5 71.4 35.3 65.0 43.9
Clay % 41.5 22.4 57.9 30.1 31.4
D50 mm 0.02 0.05 0.00 0.05 0.05
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 8.12 <1.0 <1.0 7.24 <1.0 <1.0 15.60 <1.0 <1.0 19.75 <1.0 <1.0 7.57
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 8.12 <1.0 <1.0 6.00 <1.0 <1.0 10.21 <1.0 <1.0 12.63 <1.0 <1.0 7.95
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 18.96 <1.0 <1.0 15.78 <1.0 <1.0 31.31 <1.0 <1.0 35.39 <1.0 <1.0 18.87
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 8.87 <1.0 <1.0 15.11 <1.0 <1.0 12.63 <1.0 <1.0 14.56 <1.0 <1.0 8.39
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 12.4 30.89 <1.0 12.4 25.33 <1.0 <1.0 46.41 <1.0 <1.0 54.91 <1.0 <1.0 27.79
TOC mg/L mg/kg N/A N/A N/A 9.12 6.12 <100.0 13.10 3.19 <100.0 11.30 5.72 <100.0 12.10 4.32 <100.0 7.44 9.09 <100.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-95-17 M-PC-95-18 M-PC-95-19A M-PC-95-19B M-PC-95-19C
Date: 6/22/95 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 85+000 90+000 95+000 96+000 97+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 6.3 42.0 14.8 13.5 11.1
Silt % 35.5 26.3 45.3 59.0 25.9
Clay % 58.2 31.7 39.9 27.5 63.0
D50 mm 0.00 0.06 0.02 0.05 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 7.55 <1.0 <1.0 6.81 <1.0 <1.0 12.32 <1.0 <1.0 7.35 <1.0 <1.0 6.97
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 8.01 <1.0 <1.0 7.46 <1.0 <1.0 9.27 <1.0 <1.0 7.74 <1.0 <1.0 7.87
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 18.92 <1.0 <1.0 17.80 <1.0 <1.0 26.85 <1.0 <1.0 19.46 <1.0 <1.0 18.48
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 8.54 <1.0 <1.0 7.59 <1.0 <1.0 10.92 <1.0 <1.0 7.97 <1.0 <1.0 7.83
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 <1.0 28.13 <1.0 <1.0 25.46 <1.0 <1.0 40.40 <1.0 <1.0 27.15 <1.0 <1.0 27.58
TOC mg/L mg/kg N/A N/A N/A 9.51 8.64 <100.0 11.00 6.72 <100.0 8.73 13.95 <100.0 7.03 14.60 <100.0 5.62 14.32 <100.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-95-19D M-PC-95-19E M-PC-95-20A M-PC-95-20B M-PC-95-20C
Date: 6/22/95 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 98+000 99+000 100+000 101+000 102+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 5.2 21.4 3.2 18.5 11.0
Silt % 57.9 39.6 53.8 27.9 49.7
Clay % 36.9 39.0 43.0 53.6 39.3
D50 mm 0.05 0.03 0.02 0.00 0.02
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 6.02 <1.0 <1.0 7.19 <1.0 <1.0 15.31 <1.0 <1.0 17.82 <1.0 <1.0 14.02
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 4.38 <1.0 <1.0 7.19 <1.0 <1.0 9.63 <1.0 <1.0 9.58 <1.0 <1.0 9.30
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 13.09 <1.0 <1.0 18.98 <1.0 <1.0 30.21 <1.0 <1.0 33.41 <1.0 <1.0 28.09
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 5.52 <1.0 <1.0 7.63 <1.0 <1.0 12.05 <1.0 <1.0 12.35 <1.0 <1.0 11.24
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 <1.0 19.41 <1.0 <1.0 25.81 <1.0 <1.0 43.89 <1.0 <1.0 49.08 <1.0 <1.0 40.83
TOC mg/L mg/kg N/A N/A N/A 1.92 21.61 146.0 7.08 12.92 <100.0 9.42 18.68 197.0 16.40 10.72 <100.0 4.92 6.48 <100.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-95-20D M-PC-95-20E M-PC-95-21A M-PC-95-21B M-PC-95-21C
Date: 6/22/95 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 103+000 104+000 105+000 106+000 107+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 45.2 14.5 7.5 15.5 15.6
Silt % 18.5 43.1 50.3 29.5 45.6
Clay % 36.3 42.4 42.2 55.0 38.8
D50 mm 0.06 0.01 0.02 0.00 0.02
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 10.50 <1.0 <1.0 7.56 <1.0 <1.0 9.16 <1.0 <1.0 14.27 <1.0 <1.0 10.38
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 9.61 <1.0 <1.0 7.22 <1.0 <1.0 7.98 <1.0 <1.0 9.11 <1.0 <1.0 8.87
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 25.71 <1.0 <1.0 20.25 <1.0 <1.0 21.63 <1.0 <1.0 28.71 <1.0 <1.0 23.72
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 10.33 <1.0 <1.0 7.78 <1.0 <1.0 8.99 <1.0 <1.0 11.26 <1.0 <1.0 9.81
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 <1.0 36.21 <1.0 <1.0 25.97 <1.0 <1.0 30.42 <1.0 <1.0 14.27 <1.0 <1.0 34.00
TOC mg/L mg/kg N/A N/A N/A 9.01 4.42 <100.0 12.60 12.35 <100.0 10.20 19.96 <100.0 7.62 19.61 137.0 9.92 23.21 235.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-95-21D M-PC-95-21E M-PC-95-22A M-PC-95-22B M-PC-95-22C
Date: 6/22/95 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 108+000 109+000 110+000 111+000 112+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 19.0 12.4 20.6 9.5 39.0
Silt % 21.1 44.3 36.5 54.4 28.4
Clay % 59.9 43.3 42.9 36.1 32.6
D50 mm 0.00 0.01 0.03 0.04 0.05
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 12.56 <1.0 <1.0 16.88 <1.0 <1.0 6.73 <1.0 <1.0 10.76 <1.0 <1.0 6.54
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 9.89 <1.0 <1.0 10.37 <1.0 <1.0 7.09 <1.0 <1.0 8.03 <1.0 <1.0 6.62
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 27.45 <1.0 <1.0 32.68 <1.0 <1.0 17.65 <1.0 <1.0 23.54 <1.0 <1.0 17.10
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 13.61 <1.0 <1.0 13.02 <1.0 <1.0 7.18 <1.0 <1.0 9.57 <1.0 <1.0 7.13
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 <1.0 38.91 <1.0 <1.0 47.33 <1.0 <1.0 23.73 <1.0 <1.0 34.15 <1.0 <1.0 23.02
TOC mg/L mg/kg N/A N/A N/A 4.81 15.17 190.0 8.42 12.01 <100.0 15.10 7.82 <100.0 12.60 6.39 <100.0 9.94 4.90 <100.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <30.0 37.3
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-95-22D M-PC-95-22E M-PC-95-23A M-PC-95-23B M-PC-95-DA14
Date: 6/22/95 6/22/95 6/22/95 6/22/95 6/22/95

Channel Station: 113+000 114+000 115+000 116+000 85+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 13.2 6.3 17.6 18.1 49.0
Silt % 28.6 52.5 13.8 24.3 43.6
Clay % 58.2 41.2 68.6 57.6 7.4
D50 mm 0.00 0.02 0.00 0.00 0.07
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 10.58 <1.0 <1.0 10.15 <1.0 <1.0 7.79 <1.0 <1.0 15.72 <1.0 1.58
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 8.94 <1.0 <1.0 8.66 <1.0 <1.0 8.09 <1.0 <1.0 9.79 <1.0 1.82
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 23.07 <1.0 <1.0 22.86 <1.0 <1.0 20.00 <1.0 <1.0 31.51 <1.0 4.38
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 10.13 <1.0 <1.0 9.90 <1.0 <1.0 8.74 <1.0 <1.0 12.49 <1.0 1.85
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 <1.0 36.19 <1.0 <1.0 32.84 <1.0 <1.0 28.73 <1.0 <1.0 47.33 <1.0 7.17
TOC mg/L mg/kg N/A N/A N/A 8.27 11.62 <100.0 3.09 9.13 <100.0 1.37 15.09 <100.0 4.96 8.42 <100.0 10.10 <100.0
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <30.0 <30.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-95-DA9 M-PC-95-REF14 M-PC-95-REF9 M-PC-97-19A M-PC-97-19C
Date: 6/22/95 6/22/95 6/22/95 8/13/97 8/13/97

Channel Station: 45+000 85+000 45+000  95+000  97+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 6.7 8.5 47.5 5.8 0.5
Silt % 65.3 67.8 44.6 6.4 14.8
Clay % 28.0 23.7 7.9 87.8 84.7
D50 mm 0.05 0.05 0.07 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 5.4 0.72 1.4 4.1 0.65
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 12.00 <1.0 <1.0 24.80 <1.0 <1.0 5.40 <1.00 <1.00 4.78 <1.00 <1.00 5.13
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 10.35 <1.0 <1.0 25.88 <1.0 <1.0 6.21 1.67 <1.00 2.92 1.44 <1.00 2.99
Lead µg/L mg/kg 210 133 46.7 <1.0 23.58 <1.0 <1.0 33.98 <1.0 <1.0 13.87 <1.0 <1.0 2.92 <1.0 <1.0 2.91
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.2 <0.02 <0.2 <0.2 <0.02 <0.2 <0.2 <0.02 0.29 <0.20 0.03 <0.20 <0.20 0.03
Nickel µg/L mg/kg 74 118 20.9 <1.0 12.36 <1.0 <1.0 24.38 <1.0 <1.0 6.28 <1.00 <1.00 4.25 1.11 <1.00 4.10
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <2.0 <0.20 <2.0 <2.0 <0.20 <2.0 <2.0 <0.20 <1.0 <1.0 <0.20 <1.0 <1.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 <1.0 41.76 <1.0 <1.0 40.23 <1.0 <1.0 23.40 5.2 3.3 16.3 3.5 4.5 17.0
TOC mg/L mg/kg N/A N/A N/A 5.19 <100.0 15.60 17.06 <100.0 5.92 9.82 <100.0 4.45 11.90 <100 5.55 12.20 <100
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <30.0 <30.0 <30.0 <20.0 <20.0
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-97-19E M-PC-97-20B M-PC-97-20D M-PC-97-21A M-PC-97-21C
Date: 8/13/97 8/13/97 8/13/97 8/13/97 8/13/97

Channel Station:  99+000  101+000  103+000  105+000  107+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 3.8 2.7 2.9 7.1 1.4
Silt % 7.4 20.2 10.2 18.3 13.3
Clay % 88.8 77.1 86.9 74.6 85.3
D50 mm 0.00 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 3.1 0.76 1.4 3.1 0.51 <1.0 4.5 0.56 1.4 3.1 0.54 <1.0 8.6 0.53
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 5.23 <1.00 <1.00 4.24 <1.00 <1.00 6.22 <1.00 <1.00 4.47 <1.00 <1.00 4.84
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 3.48 2.20 <1.00 2.78 <1.00 <1.00 3.03 2.66 <1.00 3.15 <1.00 <1.00 3.43
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 3.19 <1.0 <1.0 2.43 <1.0 <1.0 2.65 <1.0 <1.0 2.82 <1.0 <1.0 0.10
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.03 <0.20 <0.20 0.06 <0.20 <0.20 0.05 <0.20 <0.20 0.05 0.23 <0.20 0.06
Nickel µg/L mg/kg 74 118 20.9 1.96 <1.00 4.26 <1.00 <1.00 3.82 <1.00 <1.00 4.09 <1.00 <1.00 3.39 <1.00 <1.00 4.25
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.0 <1.0 <0.20 <1.0 <1.0 <0.20 <1.0 <1.0 <0.20 <1.0 <1.0 <0.20 <1.0 <1.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 6.3 3.5 16.9 9.8 3.8 14.5 8.6 3.0 16.6 3.3 4.0 15.2 8.2 4.2 18.2
TOC mg/L mg/kg N/A N/A N/A 3.80 10.80 <100 4.91 9.63 <100 3.73 11.10 <100 4.59 12.00 <100 3.25 12.10 <100
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Station: M-PC-97-21E M-PC-97-22B M-PC-97-22D M-PC-97-23A M-PC-97-REF1
Date: 8/13/97 8/13/97 8/13/97 8/13/97 8/13/97

Channel Station:  109+000  111+000  113+000  115+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 2.1 0.9 0.2 2.4 13.9
Silt % 9.0 15.7 10.8 17.1 10.5
Clay % 88.9 83.4 89.0 80.5 75.6
D50 mm 0.00 0.00 0.00 0.00 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 2.7 0.43 <1.0 2.2 1.08 <1.0 <1.0 0.61 <1.0 3.6 0.45 <1.0 1.07
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 5.15 <1.00 <1.00 8.32 <1.00 1.04 7.77 <1.00 <1.00 7.88 <1.00 7.06
Copper µg/L mg/kg 4.8 3.6 34.0 1.59 1.19 3.07 1.37 <1.00 3.54 1.90 <1.00 3.49 <1.00 <1.00 3.15 2.05 3.66
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 3.07 <1.0 <1.0 2.62 <1.0 <1.0 2.88 <1.0 <1.0 2.80 <1.0 2.42
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.03 <0.20 <0.20 0.04 <0.20 <0.20 0.03 <0.20 <0.20 0.02 <0.20 0.04
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 4.16 1.40 <1.00 4.70 <1.00 <1.00 4.71 <1.00 <1.00 4.73 <1.00 5.13
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <1.0 <0.10 <1.0 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.0 <1.0 <0.20 <1.0 <1.0 <0.20 <1.0 <1.0 <0.20 <1.0 <1.0 <0.20 <1.0 <0.20
Zinc µg/L mg/kg 90 92.7 150 3.9 3.9 16.0 4.5 3.8 20.9 2.7 1.2 21.7 3.0 1.4 20.7 <1.0 19.1
TOC mg/L mg/kg N/A N/A N/A 4.48 9.25 <100 3.94 10.60 <100 5.41 10.20 <100 4.12 9.54 <100 4.58 <100
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 1.81
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A
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Station: M-PC-97-REF2 M-J-98-03 M-J-98-04 M-J-98-05 M-J-98-DA1
Date: 8/13/97 7/9/98 7/9/98 7/9/98 7/9/98

Channel Station: -10+000 -15+000 -20+000 -15+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 0.1 97.5 91.8 99.9 79.2
Silt % 4.7 2.5 5.4 0.1 19.0
Clay % 95.2 0.0 2.8 0.0 1.8
D50 mm 0.00 0.23 0.21 0.12 0.19
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.0 0.48 <1.00 <1.00 1.92 <1.00 <1.00 2.80 <1.00 <1.00 3.15 <1.00 2.96
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 6.94 <1.00 1.02 7.13 <1.00 <1.00 4.34 <1.00 <1.00 6.16 <1.00 3.89
Copper µg/L mg/kg 4.8 3.6 34.0 3.49 3.65 <1.00 <1.00 4.06 <1.00 <1.00 1.01 <1.00 <1.00 3.11 <1.00 1.72
Lead µg/L mg/kg 210 133 46.7 <1.0 2.94 <1.00 <1.00 4.26 <1.00 <1.00 0.87 <1.00 <1.00 5.86 <1.00 4.00
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 0.06 <0.20 <0.20 <0.02 <0.20 <0.20 0.04 <0.20 <0.20 <0.02 <0.20 0.03
Nickel µg/L mg/kg 74 118 20.9 <1.00 5.96 <1.00 <1.00 4.11 <1.00 <1.00 2.07 <1.00 <1.00 4.38 <1.00 2.51
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <0.10 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <1.0 <0.20 <5.00 <5.00 <0.10 <5.00 <5.00 <0.10 <5.00 <5.00 <0.10 <5.00 <0.10
Zinc µg/L mg/kg 90 92.7 150 <1.0 23.7 6.5 5.0 3.34 4.1 2.9 8.57 3.2 1.1 14.90 <1.0 7.00
TOC mg/L % N/A N/A N/A 4.06 <100 <1.00 <1.00 1.12 <1.00 <1.00 0.56 <1.00 <1.00 0.35 <1.00 0.37
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <0.50 <5.00 <5.00 <0.5 <5.00 <5.00 <0.5 <5.00 <5.00 <0.5 <5.00 <0.5
TPH mg/L mg/kg N/A N/A N/A 90 180 <5.00 120 <100 <5.00 <100 <100 <5.00 <100 <5.00
Ammonia mg/L mg/kg Var N/A N/A <0.03 2.28 5.45 <0.03 0.52 1.06 <0.03 2.02 4.10 <0.03 0.70

Station: M-J-98-REF1 M-PCTB-00-01 M-PCTB-00-02 M-PCTB-00-03 M-PCTB-00-04
Date: 7/9/98 5/31/00 5/31/00 5/31/00 5/31/00

Channel Station:

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 41.9 3.3 2.2 1.1 1.8
Silt % 37.1 16.4 14.5 16.1 13.1
Clay % 21.0 80.3 83.3 82.8 85.1
D50 mm 0.06 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 0.73 <1.00 <1.00 4.51 2.41 <1.00 5.00 <1.00 <1.00 5.05 <1.00 <1.00 4.94
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 0.13 <0.10 <0.10 0.14 <0.10 <0.10 0.13 <0.10 <0.10 0.13
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 7.41 <1.00 <1.00 4.46 <1.00 <1.00 6.82 <1.00 <1.00 6.42 <1.00 <1.00 6.38
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 4.21 <1.00 <1.00 4.48 <1.00 <1.00 6.64 <1.00 <1.00 6.58 <1.00 <1.00 6.67
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 6.15 <1.00 <1.00 14.70 <1.00 <1.00 13.90 <1.00 <1.00 14.90 <1.00 <1.00 11.00
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.06 <0.20 <0.20 0.21 <0.20 <0.20 0.28 <0.20 <0.20 0.21 <0.20 <0.20 0.20
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 5.51 <1.00 <1.00 4.65 <1.00 <1.00 6.87 <1.00 <1.00 6.66 <1.00 <1.00 6.70
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <5.00 <5.00 <0.10 <1.00 <1.00 <0.20 1.51 <1.00 <0.20 1.13 <1.00 <0.20 <1.00 <1.00 <0.20
Zinc µg/L mg/kg 90 92.7 150 5.2 1.1 18.60 8.4 4.6 15.7 8.6 7.1 24.6 11.1 6.2 25.2 4.0 4.5 25.8
TOC mg/L % N/A N/A N/A <1.00 <1.00 0.527 <1.00 <1.00 1.64 <1.00 <1.00 1.82 <1.00 <1.00 1.3 <1.00 <1.00 0.384
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.5 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <20.0 <20.0 <20.0 <20.0 <20.0
TPH mg/L mg/kg N/A N/A N/A 130 <100 <5.00 160 160 33.2 120 180 66.9 <100 160 294 <100 230 320
Ammonia mg/L mg/kg Var N/A N/A <0.03 1.34 7.60 0.16 1.64 27.5 0.12 1.44 31.5 0.11 2.10 63.3 0.13 2.48 51.4
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Station: M-PCTB-00-05 M-PCTB-00-06 M-PCTB-00-07 M-PCTB-00-08 M-PCTB-00-09
Date: 5/31/00 5/31/00 5/31/00 5/31/00 5/31/00

Channel Station:

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 0.9 2.1 1.9 11.7 31.1
Silt % 8.6 16.3 18.0 46.7 26.4
Clay % 90.5 81.6 80.1 41.6 42.5
D50 mm 0.00 0.00 0.00 0.02 0.01
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 4.71 <1.00 1.25 4.34 <1.00 <1.00 4.39 <1.00 <1.00 2.69 2.01 <1.00 2.70
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 0.13 <0.10 <0.10 0.12 <0.10 <0.10 <0.10 <0.10 <0.10 0.10 <0.10 <0.10 0.11
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 6.26 <1.00 <1.00 6.08 <1.00 <1.00 5.99 <1.00 <1.00 4.23 <1.00 <1.00 4.50
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 6.87 <1.00 <1.00 6.59 <1.00 <1.00 6.47 <1.00 <1.00 4.65 <1.00 <1.00 2.49
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 7.93 <1.00 <1.00 7.23 <1.00 <1.00 8.03 <1.00 <1.00 6.40 <1.00 <1.00 7.62
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.22 <0.20 <0.20 0.19 <0.20 <0.20 0.21 <0.20 <0.20 0.10 <0.20 <0.20 0.10
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 6.79 <1.00 <1.00 6.34 <1.00 <1.00 6.23 <1.00 <1.00 5.03 <1.00 <1.00 5.30
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A 1.36 2.12 0.22 <1.00 2.40 0.22 <1.00 1.20 0.22 2.29 2.00 <0.20 2.85 4.86 <0.20
Zinc µg/L mg/kg 90 92.7 150 6.5 5.1 25.7 4.8 3.2 26.8 4.5 6.2 26.9 2.0 3.6 15.5 <1.0 5.0 19.6
TOC mg/L % N/A N/A N/A <1.00 <1.00 0.729 <1.00 <1.00 1.55 <1.00 <1.00 1.69 <1.00 <1.00 0.593 <1.00 <1.00 1.09
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 0.58
Fluoranthene µg/L µg/kg N/A N/A 600 <20.0 <20.0 <20.0 <20.0 46.5
TPH mg/L mg/kg N/A N/A N/A 140 120 342 <100 160 249 280 260 226 190 180 173 180 190 231
Ammonia mg/L mg/kg Var N/A N/A 0.12 3.11 24.40 <0.03 2.88 19.10 <0.03 2.93 15.40 <0.03 0.93 1.67 <0.03 0.88 1.37

Station: M-PCTB-00-10 M-PCTB-00-11 M-PCTB-00-12 M-PCTB-00-13 M-PCTB-00-14
Date: 5/31/00 5/31/00 5/31/00 5/31/00 5/31/00

Channel Station:

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 22.5 2.0 0.6 0.6 1.4
Silt % 37.8 17.6 21.1 21.6 11.4
Clay % 39.7 80.4 78.3 77.8 87.2
D50 mm 0.02 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 1.82 2.59 <1.00 4.88 <1.00 <1.00 4.33 1.79 <1.00 2.59 2.00 <1.00 3.26
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 0.13 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 2.94 <1.00 <1.00 6.53 <1.00 <1.00 5.81 <1.00 <1.00 7.18 <1.00 <1.00 6.67
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 2.88 <1.00 <1.00 6.67 <1.00 <1.00 6.23 <1.00 <1.00 6.87 <1.00 <1.00 6.05
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 7.38 <1.00 <1.00 7.91 <1.00 <1.00 6.11 <1.00 <1.00 7.29 <1.00 <1.00 7.97
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.02 <0.20 <0.20 0.23 <0.20 <0.20 0.22 <0.20 <0.20 0.19 <0.20 <0.20 0.21
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 5.46 <1.00 <1.00 6.82 <1.00 <1.00 6.23 <1.00 <1.00 7.16 <1.00 <1.00 6.58
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 <0.20 2.14 <1.00 <0.20 <1.00 <1.00 0.22 <1.00 <1.00 0.25 <1.00 <1.00 0.26
Zinc µg/L mg/kg 90 92.7 150 4.5 10.3 10.1 6.5 11.8 25.5 5.4 10.9 24.1 9.7 10.5 26.7 3.3 10.4 24.2
TOC mg/L % N/A N/A N/A <1.00 <1.00 0.387 <1.00 <1.00 1.64 <1.00 <1.00 1.56 <1.00 <1.00 1.27 <1.00 <1.00 1.56
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <20.0 <20.0 <20.0 <20.0 <20.0
TPH mg/L mg/kg N/A N/A N/A 140 120 115 160 160 209 100 180 145 160 180 1414 120 140 175
Ammonia mg/L mg/kg Var N/A N/A <0.03 0.37 0.66 0.16 2.26 24.7 0.14 4.01 18.1 0.11 3.02 14.2 0.13 2.53 18.2
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Station: M-PCTB-00-15 M-PCTB-00-16 M-PCTB-00-17 M-PCTB-00-18 M-PCTB-00-19
Date: 5/31/00 5/31/00 5/31/00 5/31/00 5/31/00

Channel Station:

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.2 7.3 1.2 1.1 2.6
Silt % 14.7 10.0 21.7 13.3 23.1
Clay % 84.1 82.7 77.1 85.6 74.3
D50 mm 0.00 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 3.11 <1.00 <1.00 3.18 1.15 <1.00 3.36 1.55 <1.00 3.62 <1.00 <1.00 3.11
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 7.14 <1.00 <1.00 6.27 <1.00 <1.00 7.30 <1.00 <1.00 6.20 <1.00 <1.00 7.09
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 6.26 <1.00 <1.00 6.06 <1.00 <1.00 6.58 <1.00 <1.00 5.18 <1.00 <1.00 6.75
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 8.29 <1.00 <1.00 6.57 <1.00 <1.00 7.30 <1.00 <1.00 8.27 <1.00 <1.00 7.78
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.23 <0.20 <0.20 0.19 <0.20 <0.20 0.25 <0.20 <0.20 0.21 <0.20 <0.20 0.17
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 6.98 <1.00 <1.00 6.25 <1.00 <1.00 7.17 <1.00 <1.00 6.18 <1.00 <1.00 6.87
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 0.27 <1.00 <1.00 0.24 <1.00 <1.00 0.30 <1.00 <1.00 0.32 <1.00 <1.00 0.25
Zinc µg/L mg/kg 90 92.7 150 5.5 13.0 25.3 4.2 9.3 24.3 2.6 10.3 26.2 2.1 11.7 22.3 4.8 11.5 28.7
TOC mg/L % N/A N/A N/A <1.00 <1.00 1.71 <1.00 <1.00 1.95 <1.00 <1.00 2.47 <1.00 <1.00 2.04 <1.00 <1.00 1.71
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
Fluoranthene µg/L µg/kg N/A N/A 600 <20.0 <20.0 <20.0 <20.0 27.6
TPH mg/L mg/kg N/A N/A N/A 140 140 215.0 <100 <100 193.0 230 140 266.0 120 180 231.0 <100 190 229.0
Ammonia mg/L mg/kg Var N/A N/A 0.14 2.80 11.40 <0.03 2.41 23.10 0.15 2.60 16.80 0.12 3.21 7.28 <0.03 2.68 10.20

Station: M-PCTB-00-20 M-PCTB-00-21 M-PCTB-00-22 M-PCTB-00-23 MSC-1
Date: 5/31/00 5/31/00 5/31/00 5/31/00 8/23/00

Channel Station:

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 21.8 2.4 1.7 9.9 0.8
Silt % 78.2 17.3 16.8 89.4 18.0
Clay % 0.0 80.3 81.5 0.7 81.2
D50 mm 0.05 0.00 0.00 0.05
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 1.86 <1.00 2.41 <1.00 <1.00 3.07 2.02 <1.00 3.01 <1.00 <1.00 2.46 <1.00 <1.00 3.22
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 5.70 <1.00 <1.00 7.32 <1.00 <1.00 7.77 <1.00 <1.00 6.11 1.4 1.3 4.43
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 5.50 <1.00 <1.00 7.32 <1.00 <1.00 7.59 <1.00 2.80 6.13 1.4 5.9 6.01
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 6.88 <1.00 <1.00 6.86 <1.00 <1.00 7.42 <1.00 <1.00 6.86 <1.00 9.8 18.4
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.17 <0.20 <0.20 0.19 <0.20 <0.20 0.19 <0.20 <0.20 0.16 <0.20 <0.20 0.20
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 5.42 <1.00 <1.00 7.12 <1.00 <1.00 7.63 <1.00 <1.00 6.17 <1.00 <1.00 4.96
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 1.2 1.2 0.12
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 <0.20 <1.00 <1.00 0.25 <1.00 <1.00 0.26 <1.00 <1.00 0.21 <1.00 <1.00 <0.20
Zinc µg/L mg/kg 90 92.7 150 3.4 9.0 29.7 4.9 9.8 27.5 1.3 9.0 30.2 2.6 13.1 70.4 4.8 4.7 17.9
TOC mg/L % N/A N/A N/A <1.00 <1.00 1.07 <1.00 <1.00 1.69 <1.00 <1.00 1.86 <1.00 <1.00 1.39 <1.00 <1.00 1.74
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 0.55 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 1.20 46.2 <5.00 <500
Fluoranthene µg/L µg/kg N/A N/A 600 45.7 30.5 32.3 98.9 <0.5 <0.5 <20.0
TPH mg/L mg/kg N/A N/A N/A 120 120 144.0 120 140 168.0 120 160 179.0 160 140 211.0 490 240 235
Ammonia mg/L mg/kg Var N/A N/A <0.03 1.66 7.99 0.18 2.48 18.40 0.13 2.61 36.60 0.13 3.02 17.10 <0.03 <0.03 5.8
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Station: MSC-2 MSC-3 Reference PCTB-1 PCTB-2
Date: 8/23/00 8/23/00 8/23/00 8/23/00 8/23/00

Channel Station:

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 0.9 0.4 1.3 1.0 0.8
Silt % 17.1 22.5 23.6 18.1 24.4
Clay % 81.2 77.1 75.1 80.9 74.8
D50 mm
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 3.26 <1.00 <1.00 3.09 <1.00 <1.00 3.11 <1.00 <1.00 3.08 <1.00 <1.00 2.86
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 1.0 <0.10 <0.10 0.2 <0.10 <0.10 0.7 <0.10 <0.10 0.3 <0.10 <0.10 0.6 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 2.0 1.8 4.39 1.7 1.5 4.46 1.2 1.1 4.31 1.4 1.4 4.05 1.4 1.4 4.16
Copper µg/L mg/kg 4.8 3.6 34.0 4.3 4.1 5.54 4.1 13.9 6.07 3.9 3.2 6.05 4.2 3.1 5.74 4.2 7.4 5.72
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 19.4 <1.00 9.8 19.1 <1.00 <1.00 19.2 <1.00 <1.00 18.8 <1.00 <1.00 17.9
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.24 <0.20 <0.20 0.24 <0.20 <0.20 0.17 <0.20 <0.20 0.19 <0.20 <0.20 0.18
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 4.87 <1.00 <1.00 4.72 <1.00 <1.00 5.03 2.0 <1.00 4.80 <1.00 <1.00 4.87
Silver µg/L mg/kg 1.9 2.0 1.00 2.5 4.4 <0.1 1.3 <1.00 <0.1 <1.00 <1.00 <0.1 <1.00 <1.00 <0.1 <1.00 <1.00 <0.1
Selenium µg/L mg/kg 290 564 N/A 4.6 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Zinc µg/L mg/kg 90 92.7 150 8.6 3.2 18.1 4.0 5.2 18.9 3.8 2.4 18.3 5.1 4.0 19.2 4.2 4.7 20.1
TOC mg/L % N/A N/A N/A <1.00 <1.00 1.3 <1.00 <1.00 1.6 <1.00 <1.00 1.05 <1.00 <1.00 1.5 <1.00 <1.00 10.4
Total PAH mg/L µg/L N/A N/A 4022 42.6 <5.00 <500 47.0 <5.00 <500 39.6 <5.00 <500 36.7 <5.00 <500 35.5 <5.00 <500
TPH mg/L mg/kg N/A N/A N/A 280 230 180 190 160 180 240 470 143 530 340 33.2 190 290 66.9
Ammonia mg/L mg/kg Var N/A N/A <0.03 0.47 57.8 <0.03 <0.03 52.5 <0.03 <0.03 32.5 <0.03 <0.03 36.9 <0.03 <0.03 18

Station: PCTB-3 PCTB - Reference M-PC-00-04 M-PC-00-05 M-PC-00-06
Date: 8/23/00 8/23/00 10/25/00 10/25/00 10/25/00

Channel Station: 20+000 25+000 30+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 7.6 0.4 29.2 6.0 17.6
Silt % 7.5 22.5 23.1 17.3 27.1
Clay % 84.9 77.1 47.7 76.7 55.3
D50 mm 0.01 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 2.77 <1.00 <1.00 3.11 <1.00 <1.00 7.34 <1.00 <1.00 9.95 <1.00 <1.00 6.95
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 1.7 <0.10 <0.10 0.7 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.11 <0.10 0.50 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 1.5 1.0 4.26 1.2 1.1 4.31 <1.00 <1.00 4.85 <1.00 <1.00 7.84 <1.00 <1.00 5.75
Copper µg/L mg/kg 4.8 3.6 34.0 4.5 3.1 5.87 3.9 3.2 6.05 <1.00 <1.00 5.19 <1.00 <1.00 8.52 <1.00 <1.00 6.39
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 20 <1.00 <1.00 19.2 <1.00 <1.00 11.7 <1.00 <1.00 20.2 <1.00 <1.00 12.5
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.20 <0.20 <0.20 0.17 <0.20 <0.20 <0.02 <0.20 <0.20 0.02 <0.20 <0.20 0.12
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 4.7 <1.00 <1.00 5.03 <1.00 <1.00 6.17 <1.00 <1.00 10.20 <1.00 <1.00 7.38
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.1 <1.00 <1.00 <0.1 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 0.93 <1.00 <1.00 0.90 <1.00 <1.00 0.47
Zinc µg/L mg/kg 90 92.7 150 5.6 1.9 24 3.8 2.4 18.3 2.2 4.7 21.30 2.8 3.8 32.80 1.4 1.8 24.80
TOC mg/L % N/A N/A N/A <1.00 <1.00 1.37 <1.00 <1.00 1.05 <1.00 <1.00 0.991 <1.00 <1.00 1.66 <1.00 <1.00 1.28
Total PAH mg/L µg/L N/A N/A 4022 47.5 <5.00 <500 39.6 <5.00 <500 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
TPH mg/L mg/kg N/A N/A N/A 260 210 294 240 470 320 120 <100 201 190 <100 255 <100 <100 214
Ammonia mg/L mg/kg Var N/A N/A <0.03 <0.03 22.4 <0.03 <0.03 32.5 <0.03 1.31 26.00 <0.03 0.87 29.20 <0.03 1.39 30.30
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Station: M-PC-00-07 M-PC-00-08 M-PC-00-09 M-PC-00-10 M-PC-00-11
Date: 10/25/00 10/25/00 10/25/00 10/25/00 10/25/00

Channel Station: 35+000 40+000 45+000 50+000 55+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 2.7 6.4 10.6 9.3 4.9
Silt % 17.0 17.1 10.6 19.6 22.7
Clay % 80.3 76.5 78.8 71.1 72.4
D50 mm 0.00 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 8.19 <1.00 <1.00 8.15 <1.00 <1.00 7.36 <1.00 <1.00 6.49 <1.00 <1.00 6.76
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 0.70 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 7.60 <1.00 <1.00 7.19 <1.00 <1.00 6.63 <1.00 <1.00 6.82 <1.00 <1.00 7.29
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 8.03 <1.00 <1.00 7.82 <1.00 <1.00 6.82 <1.00 <1.00 5.54 <1.00 <1.00 6.86
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 16.7 <1.00 <1.00 18.1 <1.00 <1.00 16.3 <1.00 <1.00 15.0 <1.00 <1.00 15.9
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.03 <0.20 <0.20 0.02 <0.20 <0.20 0.02 <0.20 <0.20 0.04 <0.20 <0.20 0.03
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 9.52 <1.00 <1.00 8.83 <1.00 <1.00 8.17 <1.00 <1.00 11.60 <1.00 <1.00 8.45
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 0.71 <1.00 <1.00 0.61 <1.00 <1.00 0.66 <1.00 <1.00 0.62 <1.00 <1.00 0.59
Zinc µg/L mg/kg 90 92.7 150 1.2 1.7 31.80 5.7 6.4 32.00 1.3 1.9 27.70 2.3 1.3 26.50 3.4 5.0 27.30
TOC mg/L % N/A N/A N/A <1.00 <1.00 1.66 <1.00 <1.00 1.3 <1.00 <1.00 1.03 <1.00 <1.00 1.16 <1.00 <1.00 1.16
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
TPH mg/L mg/kg N/A N/A N/A 100 <100 254 120 320 271 <100 140 194 <100 100 190 160 <100 160
Ammonia mg/L mg/kg Var N/A N/A <0.03 2.11 60.10 <0.03 1.08 38.90 <0.03 1.79 38.00 <0.03 1.53 29.50 <0.03 4.52 68.80

Station: M-PC-00-12 M-PC-00-13 M-PC-00-14 M-PC-00-15 M-PC-00-16
Date: 10/25/00 10/25/00 10/25/00 10/25/00 10/25/00

Channel Station: 60+000 65+000 70+000 75+000 80+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 0.7 4.9 2.7 20.0 3.3
Silt % 17.3 19.9 27.2 23.4 22.1
Clay % 82.0 75.2 70.1 56.6 74.6
D50 mm 0.00 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 7.63 <1.00 <1.00 6.75 <1.00 <1.00 6.51 <1.00 13.4 6.12 <1.00 8.16 7.09
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 0.40 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 7.36 <1.00 1.00 5.58 <1.00 <1.00 6.14 <1.00 <1.00 5.11 <1.00 <1.00 5.48
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 7.43 <1.00 <1.00 6.21 <1.00 <1.00 7.02 <1.00 <1.00 5.46 <1.00 <1.00 5.00
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 17.9 <1.00 <1.00 16.3 <1.00 <1.00 18.3 <1.00 <1.00 13.9 <1.00 <1.00 17.8
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.03 <0.20 <0.20 0.11 <0.20 <0.20 0.05 <0.20 <0.20 0.03 <0.20 <0.20 0.04
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 7.72 <1.00 <1.00 6.36 <1.00 <1.00 6.95 <1.00 <1.00 5.63 <1.00 <1.00 6.23
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 0.75 <1.00 <1.00 0.66 <1.00 <1.00 0.63 <1.00 <1.00 0.53 <1.00 <1.00 0.71
Zinc µg/L mg/kg 90 92.7 150 2.9 27.90 3.8 22.60 3.8 25.40 3.3 19.50 4.0 24.70
TOC mg/L % N/A N/A N/A <1.00 <1.00 1.45 <1.00 <1.00 1.31 <1.00 <1.00 1.41 <1.00 <1.00 0.991 <1.00 <1.00 1.32
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
TPH mg/L mg/kg N/A N/A N/A <100 140 118 <100 120 299 <100 100 208 <100 <100 130 <100 120 359
Ammonia mg/L mg/kg Var N/A N/A <0.03 2.76 69.70 <0.03 2.88 91.10 <0.03 1.99 60.80 <0.03 3.01 57.40 <0.03 2.67 53.50
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Station: M-PC-00-17 M-PC-00-18 M-PC-00-19A M-PC-00-19B M-PC-00-19C
Date: 10/25/00 10/26/00 10/26/00 10/26/00 10/26/00

Channel Station: 85+000 90+000 95+000 96+000 97+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 7.8 12.8 9.5 1.8 1.3
Silt % 22.6 30.2 12.0 3.4 13.1
Clay % 69.6 57.0 78.5 94.8 85.6
D50 mm 0.00 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 9.53 6.32 <1.00 <1.00 6.80 <1.00 <1.00 7.20 <1.00 <1.00 6.16 <1.00 <1.00 7.11
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.90 <0.10 <0.10 0.30 0.20 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 6.66 <1.00 <1.00 4.08 <1.00 <1.00 3.73 <1.00 <1.00 6.67 <1.00 <1.00 5.18
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 5.57 <1.00 <1.00 4.82 <1.00 <1.00 5.42 <1.00 <1.00 7.30 <1.00 <1.00 5.71
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 15.9 <1.00 <1.00 16.5 <1.00 <1.00 17.7 <1.00 <1.00 14.2 <1.00 <1.00 16.7
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.03 <0.20 <0.20 0.04 <0.20 <0.20 0.04 <0.20 <0.20 0.05 <0.20 <0.20 0.04
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 6.38 <1.00 <1.00 4.31 <1.00 <1.00 3.59 <1.00 <1.00 7.35 <1.00 <1.00 5.27
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 0.57 <1.00 <1.00 0.83 <1.00 <1.00 0.79 <1.00 <1.00 0.65 <1.00 <1.00 0.84
Zinc µg/L mg/kg 90 92.7 150 2.0 1.5 20.50 6.1 14.80 3.9 13.30 4.4 24.30 8.5 18.40
TOC mg/L % N/A N/A N/A <1.00 <1.00 0.985 <1.00 <1.00 0.919 <1.00 <1.00 1.07 <1.00 <1.00 1.03 <1.00 <1.00 1.04
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
TPH mg/L mg/kg N/A N/A N/A <100 100 176 <100 100 178 <100 160 43 <100 160 180 <100 100 290
Ammonia mg/L mg/kg Var N/A N/A <0.03 2.38 55.90 <0.03 2.84 76.50 <0.03 2.84 62.50 <0.03 2.56 80.60 <0.03 2.45 83.00

Station: M-PC-00-19D M-PC-00-19E M-PC-00-20A M-PC-00-20B M-PC-00-20C
Date: 10/26/00 10/26/00 10/26/00 10/26/00 10/26/00

Channel Station: 98+000 99+000 100+000 101+000 102+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.6 3.9 0.6 1.1 1.0
Silt % 7.0 8.6 18.3 17.6 19.8
Clay % 91.4 87.5 81.1 81.3 79.2
D50 mm 0.00 0.00 0.00 0.00 0.00
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 7.07 <1.00 <1.00 7.60 <1.00 <1.00 7.21 <1.00 <1.00 7.34 <1.00 <1.00 7.66
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 0.80 <0.10 0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 5.95 <1.00 <1.00 4.61 <1.00 <1.00 4.30 <1.00 <1.00 5.39 <1.00 <1.00 4.98
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 7.54 <1.00 <1.00 5.71 <1.00 <1.00 5.01 <1.00 <1.00 6.28 <1.00 <1.00 5.15
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 16.9 <1.00 <1.00 19.7 <1.00 <1.00 18.4 <1.00 <1.00 16.8 <1.00 <1.00 16.8
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.15 <0.20 <0.20 0.07 <0.20 <0.20 0.15 <0.20 <0.20 0.11 <0.20 <0.20 0.03
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 6.49 <1.00 <1.00 6.16 <1.00 <1.00 4.45 <1.00 <1.00 5.82 <1.00 <1.00 5.32
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 0.90 <1.00 <1.00 0.82 <1.00 <1.00 0.74 <1.00 <1.00 0.83 <1.00 <1.00 0.77
Zinc µg/L mg/kg 90 92.7 150 4.8 20.60 7.6 16.60 3.8 15.60 5.9 19.40 3.5 18.80
TOC mg/L % N/A N/A N/A <1.00 <1.00 1.14 <1.00 <1.00 1.03 <1.00 <1.00 2.4 <1.00 <1.00 1.74 <1.00 <1.00 1.19
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50
TPH mg/L mg/kg N/A N/A N/A <100 <100 304 <100 <100 404 100 <100 288 160 160 376 <100 140 236
Ammonia mg/L mg/kg Var N/A N/A <0.03 2.50 71.70 <0.03 3.25 68.10 <0.03 4.20 113.00 <0.03 2.56 74.00 <0.03 3.39 65.70
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Station: M-PC-00-20D M-PC-00-20E M-PC-00-21A M-PC-00-PA14 M-PC-00-PA9
Date: 10/26/00 10/26/00 10/26/00 10/26/00 10/25/00

Channel Station: 103+000 104+000 105+000 85+000 45+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.7 0.6 1.2 23.6 46.5
Silt % 13.0 11.3 16.7 30.0 40.2
Clay % 85.3 88.1 82.1 46.4 13.3
D50 mm 0.00 0.00 0.00 0.01 0.07
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 7.21 <1.00 <1.00 7.26 <1.00 <1.00 7.38 <1.00 6.21 <1.00 1.98
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.50 <0.10 <0.10 0.20 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 4.90 <1.00 <1.00 5.97 <1.00 <1.00 5.32 <1.00 5.06 <1.00 2.33
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 <1.00 4.76 <1.00 <1.00 5.53 <1.00 <1.00 5.12 <1.00 4.73 <1.00 1.96
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 17.4 <1.00 <1.00 17.5 <1.00 <1.00 18.2 <1.00 12.0 <1.00 5.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.15 <0.20 <0.20 0.04 <0.20 <0.20 0.07 <0.20 0.14 <0.20 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 5.33 <1.00 <1.00 6.43 <1.00 <1.00 5.65 <1.00 5.41 <1.00 3.14
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 1.04 <1.00 <0.10 <1.00 <0.10
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 0.89 <1.00 <1.00 0.86 <1.00 <1.00 0.63 <1.00 0.69 <1.00 0.36
Zinc µg/L mg/kg 90 92.7 150 26.1 17.40 6.3 20.70 3.3 19.10 6.5 17.50 4.5 9.60
TOC mg/L % N/A N/A N/A <1.00 <1.00 3.79 <1.00 <1.00 0.62 <1.00 <1.00 1.45 <1.00 2.17 <1.00 0.211
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.00 <0.50 <5.00 <0.50
TPH mg/L mg/kg N/A N/A N/A <100 210 121 <100 100 389 <100 160 173 <100 432 <100 80
Ammonia mg/L mg/kg Var N/A N/A <0.03 2.83 66.30 <0.03 5.35 118.00 <0.03 7.42 117.00 <0.03 3.99 <0.03 5.89

Station: M-PC-00-REF14 M-PC-00-REF9 MEC-01-01 MEC-01-02 MEC-01-03
Date: 10/26/00 10/25/00 5/14/01 5/14/01 5/14/01

Channel Station: 85+000 45+000 -11+000 -15+000 -19+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 33.2 35.3 35.7 29.8 76.5
Silt % 18.5 14.2 24.7 29.1 15.6
Clay % 48.3 50.5 39.6 41.4 7.9
D50 mm 0.01 0.00
Percent Solids % 44.8 47.6 76.3

Arsenic µg/L mg/kg 69 149 8.2 <1.00 <1.00 5.21 <1.00 <1.00 6.63 <1.0 <1.0 8.16 <1.0 <1.0 8.42 <1.0 <1.0 3.58
Cadmium µg/L mg/kg 40 45.4 1.20 0.10 0.20 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 2.38 <1.00 <1.00 4.74 <1.0 <1.0 9.67 <1.0 <1.0 6.69 <1.0 <1.0 5.35
Copper µg/L mg/kg 4.8 3.6 34.0 1.10 <1.00 3.12 <1.00 <1.00 5.94 <1.0 <1.0 3.72 <1.0 <1.0 3.33 <1.0 <1.0 1.63
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 11.9 <1.00 <1.00 14.5 <1.0 <1.0 11.1 <1.0 <1.0 10.0 <1.0 <1.0 5.70
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 0.02 <0.20 <0.20 0.03 <0.20 <0.20 <0.02 <0.20 <0.20 0.03 <0.20 <0.20 <0.02
Nickel µg/L mg/kg 74 118 20.9 <1.00 <1.00 2.46 <1.00 <1.00 5.92 <1.0 <1.0 9.91 <1.0 <1.0 9.40 <1.0 <1.0 5.37
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.0 <1.0 <0.1 <1.0 <1.0 <0.1 <1.0 <1.0 <0.1
Selenium µg/L mg/kg 290 564 N/A <1.00 <1.00 0.60 <1.00 <1.00 0.71 <1.0 <1.0 0.65 <1.0 <1.0 0.59 <1.0 <1.0 0.30
Zinc µg/L mg/kg 90 92.7 150 4.5 9.28 4.8 1.2 21.30 2.3 3.2 33.4 2.3 4.2 33.6 2.9 11.7 18.2
TOC mg/L % N/A N/A N/A <1.00 <1.00 0.56 <1.00 <1.00 1.28 <1.00 <1.00 2.09 <1.00 <1.00 1.77 <1.00 <1.00 0.48
Total PAH mg/L µg/L N/A N/A 4022 <5.00 <5.00 <0.50 <5.00 <5.00 <0.50 <5.0 <5.0 <500 <5.0 <5.0 <500 <5.0 <5.0 <500
Benzo(ghi)perylene µg/L µg/kg N/A N/A N/A <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 29.1
Fluoranthene µg/L µg/kg N/A N/A 600 <0.5 <0.5 <20.0 <0.5 <0.5 <20.0 <0.5 <0.5 <20.0 <0.5 <0.5 <20.0 <0.5 <0.5 31.0
Phenanthrene µg/L µg/kg N/A N/A 240 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0
Pyrene µg/L µg/kg N/A N/A 665 <0.5 <0.5 <20.0 <0.5 <0.5 <20.0 <0.5 <0.5 <20.0 <0.5 <0.5 <20.0 <0.5 <0.5 34.1
TPH mg/L mg/kg N/A N/A N/A <100 120 249 <100 250 151 220 240 133 170 120 201 170 100 54.3
Ammonia mg/L mg/kg Var N/A N/A <0.03 0.29 8.28 <0.03 0.26 4.08 0.07 4.06 49.3 0.07 3.59 2.60 0.06 0.41 0.80
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Station: MEC-Reference M-PC-03-19A M-PC-03-19B M-PC-03-19C M-PC-03-19D
Date: 5/14/01 1/14/03 1/14/03 1/14/03 1/14/03

Channel Station: 95+000 96+000 97+000 98+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 43.7 6.1 0.9 0.5 0.1
Silt % 29.3 14.6 11.9 66.6 5.1
Clay % 27.0 79.3 87.2 32.9 94.8
D50 mm
Percent Solids % 57.0 32.5 31.0 28.8 27.2

Arsenic µg/L mg/kg 69 149 8.2 <1.0 <1.0 6.58 2.63 3.51 5.74 2.06 3.56 6.59 2.76 3.08 6.11 3.06 2.14 6.04
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.0 <1.0 8.30 <1.00 <1.00 16.4 <1.00 1.45 18.5 <1.00 <1.00 17.3 <1.00 <1.00 18.4
Copper µg/L mg/kg 4.8 3.6 34.0 <1.0 <1.0 2.40 1.19 1.17 10.9 1.25 3.12 12.9 1.28 <1.00 11.8 1.43 1.19 11.4
Lead µg/L mg/kg 210 133 46.7 <1.0 <1.0 8.30 <1.00 <1.00 17.3 <1.00 <1.00 19.2 <1.00 <1.00 18.4 <1.00 <1.00 19.3
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.02 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 <1.0 <1.0 8.48 1.66 2.54 15.6 1.22 5.0 18.1 1.89 2.51 16.6 1.99 1.78 17.4
Silver µg/L mg/kg 1.9 2.0 1.00 <1.0 <1.0 <0.1 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <1.0 <1.0 0.61 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50
Zinc µg/L mg/kg 90 92.7 150 4.1 16.8 28.8 4.88 2.71 17.3 6.30 3.54 54.9 5.02 3.48 52.1 5.29 3.18 54.5
TOC mg/L % N/A N/A N/A <1.00 <1.00 0.97 8.51 6.49 1.4 4.04 5.89 2.0 5.44 3.85 2.1 4.24 3.00 2.1
Total PAH mg/L µg/L N/A N/A 4022 <5.0 <5.0 <500
Phenanthrene µg/L µg/kg N/A N/A 240 <1.0 <1.0 20.2 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0 <0.1 <0.1 <20.0
TPH mg/L mg/kg N/A N/A N/A 190 170 41.4 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50
Ammonia mg/L mg/kg Var N/A N/A 0.05 1.52 1.30 <0.03 3.00 189 <0.03 4.04 106 <0.03 2.85 243 <0.03 0.26 237

Station: M-PC-03-19E M-PC-03-20A M-PC-03-20B M-PC-03-20C M-PC-03-20D
Date: 1/15/03 1/15/03 1/15/03 1/15/03 1/15/03

Channel Station: 99+000 100+000 101+000 102+000 103+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 0.5 0.3 0.3 1.4 2.6
Silt % 8.3 5.7 18.2 18.8 15.1
Clay % 91.2 94.0 81.5 79.8 82.3
D50 mm
Percent Solids % 29.1 27.9 30.5 30.2 32.1

Arsenic µg/L mg/kg 69 149 8.2 2.25 1.58 6.05 2.01 2.17 6.30 2.41 2.32 6.53 2.42 2.24 6.09 2.17 2.78 5.87
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 18.9 <1.00 <1.00 18.1 <1.00 <1.00 17.9 <1.00 <1.00 16.6 <1.00 <1.00 16.3
Copper µg/L mg/kg 4.8 3.6 34.0 1.58 <1.00 11.6 1.28 <1.00 11.4 1.34 <1.00 11.4 1.67 <1.00 10.7 1.18 <1.00 11.3
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 19.3 <1.00 <1.00 19.5 <1.00 <1.00 19.2 <1.00 <1.00 18.7 <1.00 <1.00 18.3
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 1.39 1.64 17.4 1.25 1.49 17.3 1.53 1.76 16.4 1.61 1.56 16.1 1.32 1.47 15.2
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50
Thallium µg/L mg/kg N/A N/A N/A <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Zinc µg/L mg/kg 90 92.7 150 2.69 <1.00 54.4 1.95 <1.00 58.4 3.54 1.25 52.5 3.56 <1.00 53.0 2.41 <1.00 50.2
TOC mg/L % N/A N/A N/A 6.38 5.80 1.9 6.66 5.84 2.0 5.15 5.22 1.96 5.45 4.44 2.00 5.34 4.67 1.51
TPH mg/L mg/kg N/A N/A N/A <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50
Ammonia mg/L mg/kg Var N/A N/A <0.03 1.28 223 <0.03 0.06 258 <0.03 1.51 208 <0.03 1.02 194 <0.03 1.70 214
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Station: M-PC-03-20E M-PC-03-21A M-PC-03-21B M-PC-03-21C M-PC-03-21D
Date: 1/15/03 1/15/03 1/15/03 1/15/03 1/15/03

Channel Station: 104+000 105+000 106+000 107+000 108+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 1.2 3.7 2.5 3.7 3.2
Silt % 12.3 13.8 5.5 11.5 18.6
Clay % 86.5 82.5 92.0 84.8 78.2
D50 mm
Percent Solids % 32.7 32.5 32.0 33.6 33.8

Arsenic µg/L mg/kg 69 149 8.2 2.23 3.53 6.18 2.66 2.02 5.79 2.75 2.49 6.01 2.81 2.31 5.72 2.85 2.49 6.33
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 16.7 <1.00 <1.00 15.8 <1.00 <1.00 16.3 <1.00 <1.00 16.5 <1.00 <1.00 16.0
Copper µg/L mg/kg 4.8 3.6 34.0 1.23 <1.00 10.9 <1.00 <1.00 11.2 1.41 <1.00 11.4 1.33 <1.00 9.86 1.36 <1.00 11.0
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 18.4 <1.00 <1.00 18.1 <1.00 <1.00 18.4 <1.00 <1.00 17.6 <1.00 <1.00 18.3
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 1.35 1.62 15.4 1.36 1.82 14.7 1.78 1.80 15.4 1.71 1.69 14.7 1.70 1.96 14.9
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50
Zinc µg/L mg/kg 90 92.7 150 2.66 <1.00 48.7 2.98 <1.00 49.0 4.74 <1.00 50.1 4.39 <1.00 47.4 4.34 2.07 49.1
TOC mg/L % N/A N/A N/A 4.90 4.42 2.11 4.66 1.60 1.69 4.95 1.15 1.46 7.03 3.06 1.36 4.84 4.44 1.96
TPH mg/L mg/kg N/A N/A N/A <0.10 5.36 <0.50 <0.10 4.52 <0.50 <0.10 4.60 <0.50 <0.10 5.46 <0.50 <0.10 <0.10 <0.50
Ammonia mg/L mg/kg Var N/A N/A <0.03 1.55 253 <0.03 1.85 191 0.04 1.52 216 <0.03 2.31 206 <0.03 1.23 196

Station: M-PC-03-21E M-PC-03-22A M-PC-03-22B M-PC-03-22C M-PC-03-22D
Date: 1/15/03 1/15/03 1/15/03 1/15/03 1/15/03

Channel Station: 109+000 110+000 111+000 112+000 113+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 2.2 1.1 0.8 0.3 0.9
Silt % 17.2 5.3 1.7 8.6 9.4
Clay % 80.6 93.6 97.5 91.1 89.7
D50 mm
Percent Solids % 33.0 33.0 32.5 32.4 30.3

Arsenic µg/L mg/kg 69 149 8.2 2.30 4.29 5.91 2.18 2.99 6.03 2.55 2.07 5.91 2.60 2.06 6.12 2.70 2.60 6.57
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 15.9 <1.00 <1.00 16.2 <1.00 <1.00 16.0 <1.00 <1.00 16.3 <1.00 <1.00 17.1
Copper µg/L mg/kg 4.8 3.6 34.0 1.13 <1.00 10.3 1.45 <1.00 10.7 1.32 <1.00 10.1 1.46 <1.00 11.0 1.54 <1.00 11.0
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 17.6 <1.00 <1.00 18.2 <1.00 <1.00 18.2 <1.00 <1.00 18.5 <1.00 <1.00 19.7
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 1.30 2.17 14.9 1.53 1.93 15.1 1.60 1.93 14.6 1.62 1.85 15.5 1.58 2.03 15.9
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50
Thallium µg/L mg/kg N/A N/A N/A <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Zinc µg/L mg/kg 90 92.7 150 2.75 2.50 47.9 3.36 2.15 47.3 4.12 2.13 51.4 4.31 2.73 49.7 3.87 2.07 50.8
TOC mg/L % N/A N/A N/A 4.63 7.18 1.36 3.92 5.09 1.39 4.23 4.04 1.84 4.18 5.00 1.85 3.74 5.85 2.09
TPH mg/L mg/kg N/A N/A N/A <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50
Ammonia mg/L mg/kg Var N/A N/A <0.03 4.17 203 <0.03 3.12 202 <0.03 1.22 192 <0.03 2.64 196 <0.03 2.71 221
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Station: M-PC-03-22E M-PC-03-23A M-PC-03-23B M-PC-03-23C PA16
Date: 1/15/03 1/15/03 1/15/03 1/15/03 1/16/03

Channel Station: 114+000 115+000 116+000 117+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 0.1 0.2 0.4 0.4 23.3
Silt % 12.7 1.5 3.2 34.0 18.0
Clay % 87.2 98.3 96.4 65.6 58.7
D50 mm
Percent Solids % 30.3 29.9 28.6 28.5 39.3

Arsenic µg/L mg/kg 69 149 8.2 2.93 3.04 6.30 2.15 3.29 5.84 2.42 2.70 5.88 2.79 4.03 5.97 5.69
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 17.5 <1.00 <1.00 16.2 <1.00 <1.00 16.6 <1.00 <1.00 18.0 12.4
Copper µg/L mg/kg 4.8 3.6 34.0 1.60 <1.00 11.6 1.31 <1.00 10.4 1.17 <1.00 11.1 1.43 <1.00 12.8 8.31
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 19.6 <1.00 <1.00 18.3 <1.00 <1.00 19.4 <1.00 <1.00 19.7 15.1
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 1.85 2.61 15.6 1.70 4.77 14.5 1.65 2.37 17.5 1.88 2.10 16.9 11.2
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <0.50
Thallium µg/L mg/kg N/A N/A N/A <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <0.20
Zinc µg/L mg/kg 90 92.7 150 5.26 3.14 53.5 3.64 2.39 49.8 4.09 2.59 53.2 5.24 2.72 54.8 36.3
TOC mg/L % N/A N/A N/A 3.86 5.81 2.22 3.74 5.15 2.15 3.74 6.07 1.98 4.25 5.23 1.62 1.44
TPH mg/L mg/kg N/A N/A N/A <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.10 <0.10 <0.50 <0.50
Ammonia mg/L mg/kg Var N/A N/A <0.03 2.60 269 <0.03 1.59 191 <0.03 2.44 205 <0.03 4.12 247 121

Station: M-PC-03-4 M-PC-03-5 M-PC-03-6 M-PC-03-7 M-PC-03-8
Date: 4/29/2003 4/29/2003 4/29/2003 4/29/2003 4/29/2003

Channel Station: 20+000 25+000 30+000 35+000 40+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 64.9 42.1 54.7 49.4 36.9
Silt % 24.4 39.9 27.2 26.3 34.1
Clay % 10.7 18.0 18.1 24.3 29.0
D50 mm 0.12 0.54 0.08 0.07 0.04
Percent Solids % 60.9 57.3 58.8 51.1 51.9

Arsenic µg/L mg/kg 69 149 8.2 3.92 3.55 4.31 3.97 3.76 5.08 3.97 3.35 4.81 3.94 3.40 5.47 3.70 3.18 5.25
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 7.53 <1.00 <1.00 8.45 <1.00 <1.00 8.06 <1.00 1.15 9.31 <1.00 <1.00 10.6
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 2.45 5.08 <1.00 1.76 5.83 <1.00 1.41 5.54 <1.00 1.56 6.15 <1.00 1.33 7.14
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 8.25 <1.00 <1.00 9.89 <1.00 <1.00 9.59 <1.00 <1.00 10.7 <1.00 <1.00 11.8
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 2.17 2.99 7.38 2.33 3.13 8.54 1.92 3.09 8.28 2.26 2.88 9.53 2.21 2.92 9.90
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50
Thallium µg/L mg/kg N/A N/A N/A <1.00 <1.00 1.30 <1.00 <1.00 1.89 <1.00 <1.00 0.87 <1.00 <1.00 0.73 <1.00 <1.00 0.58
Zinc µg/L mg/kg 90 92.7 150 6.56 13.1 10.9 7.16 8.93 11.4 7.10 7.69 10.8 6.94 8.63 12.7 9.14 7.16 13.1
TOC mg/L % N/A N/A N/A 2.37 5.55 1.56 2.16 3.74 1.82 2.14 4.20 1.73 3.50 4.96 2.18 2.43 4.24 2.32
TPH mg/L mg/kg N/A N/A N/A <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00
Ammonia mg/L mg/kg Var N/A N/A <0.03 0.03 59.5 <0.03 <0.03 54.6 <0.03 0.83 67.5 <0.03 0.61 75.7 <0.03 0.58 80.9
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Station: M-PC-03-9 M-PC-03-10 M-PC-03-11 M-PC-03-12 M-PC-03-13
Date: 4/29/2003 4/29/2003 4/29/2003 4/29/2003 4/29/2003

Channel Station: 45+000 50+000 55+000 60+000 65+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 11.6 7.20 12.6 4.10 7.40
Silt % 41.0 57.0 47.3 30.4 32.8
Clay % 47.4 35.8 40.1 65.5 59.8
D50 mm 0.01 0.01 0.01 0.00 0.00
Percent Solids % 41.7 40.1 45.8 37.0 37.4

Arsenic µg/L mg/kg 69 149 8.2 3.66 4.14 7.03 3.36 3.49 6.77 3.37 4.06 5.43 3.19 4.55 7.10 3.29 3.48 6.46
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 1.41 13.6 <1.00 1.51 13.5 <1.00 1.12 11.1 <1.00 1.98 14.7 <1.00 1.63 13.6
Copper µg/L mg/kg 4.8 13.5 34.0 <1.00 1.13 10.0 1.19 1.60 9.76 1.12 1.56 7.94 1.10 2.08 10.5 1.3 1.53 9.69
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 16.3 <1.00 1.05 16.1 <1.00 <1.00 13.3 <1.00 2.01 18.3 <1.00 1.34 17.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 2.86 3.35 13.3 3.42 4.77 12.9 3.70 4.59 10.9 3.28 3.76 13.9 3.26 3.24 12.5
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50
Thallium µg/L mg/kg N/A N/A N/A <1.00 <1.00 0.58 <1.00 <1.00 0.50 <1.00 <1.00 0.37 <1.00 <1.00 0.41 <1.00 <1.00 0.32
Zinc µg/L mg/kg 90 92.7 150 7.69 10.1 16.9 6.97 9.25 16.5 7.07 9.10 14.2 7.12 8.71 17.8 7.79 8.57 16.7
TOC mg/L % N/A N/A N/A 3.45 4.42 3.19 3.19 5.45 3.14 3.62 4.75 2.35 3.84 4.91 3.65 4.18 1.00 3.47
TPH mg/L mg/kg N/A N/A N/A <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00
Ammonia mg/L mg/kg Var N/A N/A <0.03 1.52 152 0.03 0.79 110 <0.03 0.93 <0.03 0.17 150 <0.03 0.58 147

Station: M-PC-03-14 M-PC-03-15 M-PC-03-16 M-PC-03-17 M-PC-03-18
Date: 4/29/2003 4/29/2003 4/29/2003 4/29/2003 4/29/2003

Channel Station: 70+000 75+000 80+000 85+000 90+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 8.00 9.50 2.90 13.1 3.80
Silt % 25.7 38.6 17.2 28.3 24.9
Clay % 66.3 51.9 79.9 58.6 71.3
D50 mm 0.00 0.00 0.00 0.00 0.00
Percent Solids % 39.2 40.5 32.9 38.9 36.0

Arsenic µg/L mg/kg 69 149 8.2 3.22 3.85 5.64 3.20 4.21 5.36 3.20 5.26 7.30 3.21 3.45 5.73 3.26 3.57 6.37
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 1.00 1.00 <0.10 <1.00 <1.00 0.14
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 1.31 12.3 <1.00 <1.00 10.8 <1.00 2.60 15.6 1.00 1.82 11.1 <1.00 1.30 12.7
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 1.52 8.77 1.31 <1.00 7.88 1.09 2.21 11.1 1.16 2.44 8.97 <1.00 1.70 9.51
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 15.4 1.02 <1.00 14.5 <1.00 3.17 19.8 1.01 2.02 15.0 <1.00 <1.00 17.0
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 3.37 1.07 11.2 2.92 2.57 9.98 2.74 4.51 13.8 3.01 3.97 10.3 3.22 3.21 11.6
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 1.00 1.00 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <2.00 <2.00 <0.50
Thallium µg/L mg/kg N/A N/A N/A <1.00 <1.00 0.26 <1.00 <1.00 0.25 <1.00 <1.00 0.30 1.00 1.00 0.23 <1.00 <1.00 0.25
Zinc µg/L mg/kg 90 92.7 150 7.33 7.47 15.4 8.17 6.12 14.0 9.70 10.9 18.1 7.70 8.28 14.1 7.36 6.12 15.3
TOC mg/L % N/A N/A N/A 3.68 5.01 3.06 3.38 5.03 3.11 3.36 5.71 4.20 3.86 5.30 3.32 3.41 4.55 3.61
TPH mg/L mg/kg N/A N/A N/A <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <0.10 <0.10 <5.00
Ammonia mg/L mg/kg Var N/A N/A <0.03 0.88 131 <0.03 0.79 180 0.10 1.47 204 <0.03 0.96 158 <0.03 0.62 167
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Station: PA 9 PA 14 REF 9 REF 14 MEC-06-01
Date: 4/29/2003 4/29/2003 4/29/2003 4/29/2003 11/29/2005

Channel Station: -9+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 69.0 92.2 41.8 49.5 17.2
Silt % 21.7 2.00 4.70 20.6 22.0
Clay % 9.30 5.80 52.7 29.9 60.8
D50 mm 0.12 0.18 0.00 0.07 0.00
Percent Solids % 73.6 75.5 51.9 56.3 45.1

Arsenic µg/L mg/kg 69 149 8.2 2.28 1.54 4.92 3.67 3.76 7.02 6.04
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 <0.10 0.10 <0.10 <1.00 <1.00 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 4.43 1.97 9.61 6.16 <1.00 <1.00 13.4
Copper µg/L mg/kg 4.8 3.6 34.0 2.54 1.5 7.14 4.79 <1.00 1.91 8.95
Lead µg/L mg/kg 210 133 46.7 5.56 3.33 13.2 <0.30 <1.00 <1.00 15.2
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20 <0.20 1.49 2.18 <0.20
Nickel µg/L mg/kg 74 118 20.9 4.72 12.9 8.98 5.39 <1.00 3.67 12.4
Silver µg/L mg/kg 1.9 2.0 1.00 <0.20 <0.20 <0.20 <0.20 <1.00 <1.00 <0.20
Selenium µg/L mg/kg 290 564 N/A <0.50 <0.50 <0.50 <0.50 <2.00 <2.00 <0.50
Thallium µg/L mg/kg N/A N/A N/A <0.20 <0.20 <0.20 1.46 <1.00 <1.00 0.29
Zinc µg/L mg/kg 90 92.7 150 6.41 3.05 10.9 7.46 9.76 12.6 12.2
TOC mg/L % N/A N/A N/A 0.72 0.61 2.28 1.85 6.80 4.40 0.82
TPH mg/L mg/kg 6.0 N/A N/A <5.00 <5.00 <5.00 <5.00 <0.10 <0.10 <5.00
Ammonia mg/L mg/kg Var N/A N/A 70.0 1.76 37.6 50.4 <0.03 0.30 12.1

Station: MEC-06-02 MEC-06-03 MEC-06-Ref MPC-06-13 MPC-06-14
Date: 11/29/2005 11/29/2005 11/29/2005 2/2/2006 2/2/2006

Channel Station: -14+000 -19+000 65+000 70+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 9.8 14.9 9.3 23.1 6.7
Silt % 54.9 39.6 25.2 20.5 33.4
Clay % 35.3 45.5 65.5 56.4 59.9
D50 mm 0.02 0.01 0.00 0.00 0.00
Percent Solids % 59.5 55.7 43.9

Arsenic µg/L mg/kg 69 149 8.2 3.64 3.99 5.09 3.43 3.49 5.08 7.11 6.48 6.17
Cadmium µg/L mg/kg 40 45.4 1.20 <1.00 <1.00 <0.10 <1.00 <1.00 <0.10 <0.10 0.20 <0.10
Chromium µg/L mg/kg 1,100 1,090 81.0 <1.00 <1.00 9.83 <1.00 <1.00 10.4 14.2 12.4 11.3
Copper µg/L mg/kg 4.8 3.6 34.0 <1.00 2.03 6.45 <1.00 1.59 6.52 10.8 9.21 8.54
Lead µg/L mg/kg 210 133 46.7 <1.00 <1.00 11.7 <1.00 <1.00 12.8 17.8 16.9 14.7
Mercury µg/L mg/kg 1.8 2.1 0.15 1.76 3.68 <0.20 1.74 2.76 <0.20 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 <1.00 4.56 9.34 <1.00 3.71 9.81 13.6 5.05 4.31
Silver µg/L mg/kg 1.9 2.0 1.00 <1.00 <1.00 <0.20 <1.00 <1.00 <0.20 <0.20 <0.20 <0.20
Selenium µg/L mg/kg 290 564 N/A <2.00 <2.00 <0.50 <2.00 <2.00 <0.50 <0.50 <0.50 <0.50
Thallium µg/L mg/kg N/A N/A N/A <1.00 <1.00 0.25 <1.00 <1.00 <0.20 <0.20 0.33 0.39
Zinc µg/L mg/kg 90 92.7 150 10.4 12.7 7.95 10.6 14.3 8.60 12.5 11.7 11.5
TOC mg/L % N/A N/A N/A 6.90 5.40 0.62 3.80 5.90 0.68 0.87
TPH mg/L mg/kg N/A N/A N/A <0.10 <0.10 <5.00 <0.10 <0.10 <5.00 <5.00
Ammonia mg/L mg/kg 6.0 N/A N/A <0.03 0.48 18.1 <0.03 0.38 12.0 25.1
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Station: MPC-06-15 MPC-06-17 MPC-06-REF
Date: 2/2/2006 2/2/2006 2/2/2006

Channel Station: 75+000 85+000

Liquid Solid
Media Media WQC TWQS ERL

Parameter Unit Unit Water Elutriate Sediment Water Elutriate Sediment Water Elutriate Sediment

Sand % 8.2 13.3 33.4
Silt % 25.6 23.6 25.8
Clay % 66.2 63.1 40.8
D50 mm 0.00 0.00 0.03
Percent Solids %

Arsenic µg/L mg/kg 69 149 8.2 5.79 5.76 4.49
Cadmium µg/L mg/kg 40 45.4 1.20 <0.10 0.15 0.12
Chromium µg/L mg/kg 1,100 1,090 81.0 11.3 11.1 7.76
Copper µg/L mg/kg 4.8 3.6 34.0 8.34 8.45 5.43
Lead µg/L mg/kg 210 133 46.7 15.7 15.1 10.5
Mercury µg/L mg/kg 1.8 2.1 0.15 <0.20 <0.20 <0.20
Nickel µg/L mg/kg 74 118 20.9 4.47 4.16 2.48
Silver µg/L mg/kg 1.9 2.0 1.00 <0.20 <0.20 <0.20
Selenium µg/L mg/kg 290 564 N/A <0.50 <0.50 <0.50
Thallium µg/L mg/kg N/A N/A N/A <0.20 <0.20 <0.20
Zinc µg/L mg/kg 90 92.7 150 11.8 11.0 4.67
TOC mg/L % N/A N/A N/A
TPH mg/L mg/kg N/A N/A N/A
Ammonia mg/L mg/kg Var N/A N/A

Chromium = CrIII and Total Cr
Var = varies based on pH, salinity, and temperatures
N/A means that no analyses were conducted for a particular parameter in a particular year
WQC = EPA Acute, Marine Water Quality Criterion; TWQS = Texas Acute, Marine Water Quality Standard; ERL = Effects Range Low
Copper - TWQS is 3.6 µg/L instead of 13.5 µg/L, since the Bay portions are designated by TCEQ as Oyster Waters.
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1.0 INTRODUCTION 

In January 2007, the U.S. Environmental Protection Agency (EPA), Region 6, requested that samples of 
construction material, scheduled to be dredged for the Matagorda Ship Channel (MSC) Channel 
Improvement Project (CIP), be collected from portions of Matagorda Bay and offshore destined for 
placement in the Ocean Dredged Material Disposal Site (ODMDS). The purpose of the work to be 
performed was to determine the potential environmental impact from the dredging of construction 
material from the MSC and placing it in the ODMDS. The analyses on these samples have been 
completed and are the subject of this report. Procedures for the testing were contained in a Scope of Work 
submitted to and approved by the EPA and are in agreement with the Regional Implementation 
Agreement (RIA) among the EPA and the U.S. Army Corps of Engineers (USACE), Galveston and New 
Orleans Districts (EPA/USACE, 2003). 

The work performed consisted of chemical analyses of water, sediment, and elutriate samples and 
suspended particulate and solid phase bioassays. The chemical analyses of the sediment and seawater 
samples provide data concerning background levels of specified potential toxins. The chemical analyses 
of the elutriate samples indicate any expected release of potential toxins from the sediment into the water 
column. The suspended particulate phase bioassays are designed to determine the potential impact from 
dredging and ocean placement to sensitive water column organisms. The solid phase bioassays are 
designed to determine the potential impact of the placement of the dredged material on designated 
sensitive marine organisms living on the bottom of the Gulf of Mexico (40 CFR 220–229). Sample 
collection was performed by Benchmark Ecological Services, Inc., Katy, Texas. All chemical analyses 
were performed by Anacon, Inc. (Anacon), Houston, Texas. Bioassays were conducted at the PBS&J 
Environmental Toxicology (ETOX) Laboratory, Houston, Texas with data analysis and report preparation 
by PBS&J personnel in Austin, Texas. 
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2.0 METHODS AND MATERIALS 

The methods and materials for the work performed followed the specifications of the Scope of Work and 
the RIA. Sample collection methodology is outlined here and details are provided in the Benchmark 
Report (Appendix A). Bioassay methods and procedures for statistical analyses are provided below.  

2.1 STATION LOCATIONS 

Fifteen channel sites and 9 reference sites were sampled (Figure 1) for water and sediment and 
composited as described in Appendix A. Chemical analyses were conducted on water, sediment, and 
elutriate chemical samples. The latitude and longitude of each site is presented in Table 1 (Appendix A) 
and the locations of the stations are shown on Figure 1 (Appendix A). 

The reference sediment used in the chemical analyses, suspended particulate and solid phase bioassays, 
and the bioaccumulation studies was a composite of samples from the three sites noted on Figure 1 
(Appendix A) as Reference A, Reference B, and Reference C. The latitude and longitude of each of these 
sites is also presented in Table 1 (Appendix A), as are water depths at the sampling sites and Reference 
material collection sites. All samples were collected between the 6th and 8th of February 2007. 

The clean sand for the True Control in the bioassays was collected from Galveston East Beach, near the 
south jetty, with acid-rinsed plastic scoops. 

2.2 SAMPLE COLLECTION AND STORAGE 

2.2.1 Water Samples 

Water for chemical analysis was taken with a noncontaminating pump and placed into bottles provided by 
Anacon (water for metals analysis, except mercury and selenium, was filtered in the field through 
0.45 micrometer (μm) filters, using a peristaltic pump). The bottles were precleaned by Anacon and 
contained the necessary preservatives. The water samples were chilled within hours of collection and 
stored in the dark at 2–4 degrees Celsius (°C) until delivered to Anacon. Strict Chain of Custody 
procedures were followed. 

2.2.2 Sediment Samples 

Sediment was collected with piston-coring device or a stainless steel Ponar grab sampler. Test sediment 
was collected at depths noted in Table 1 (Appendix A) for each station. The clean sand for the True 
Control was collected with a clean, noncontaminating, acid-rinsed plastic scoop. All samples were put in 
airtight linear polyethylene containers, which were filled to beyond capacity, sealed to exclude air, and 
stored in the dark at 2–4°C until used. 



METALS
Antimony Lead
Arsenic Mercury
Beryllium Nickel
Cadmium Selenium
Chromium, Total Silver
Chromium, Trivalent Thallium
Chromium. Hexavalent Zinc
Copper

PESTICIDES AND PCBs
Aldrin Dieldrin
Alpha-BHC Endosulfan I
Beta-BHC Endosulfan II
Gamma-BHC (Lindane) Endosulfan sulfate
Delta-BHC Endrin
Chlordane Endrin aldehyde
Alpha-Chlordane Heptachlor
Gamma- Chlordane Heptachlor epoxide
4,4'-DDD Toxaphene
4,4'-DDE Total PCBs
4,4'-DDT

SEMIVOLATILES
Acenaphthene Dimethyl phthalate
Acenaphthylene Di-n-butyl phthalate
Anthracene 2,4-Dinitrotoluene
Benzidine 2,6-Dinitrotoluene
Benzo(a)anthracene Di-n-octyl phthalate
Benzo(a)pyrene 1,2-Diphenylhydrazine
Benzo(ghi)perylene Fluoranthene
Benzo(b&k)fluoranthene Fluorene
Bis(2-chloroethyloxy)methane Hexachlorobenzene
Bis(2-chloroethyl)ether Hexachlorobutadiene
Bis(2-chloroisoproply)ether Hexachlorocyclopentadiene
Bis(2-ethylhexyl)phthalate Hexachloroethane
4-Bromophenyl phenyl ether Indeno(123-CD)pyrene
Butyl benzyl phthalate Isophorone
4-chloro-3-methylphenol 2-Methyl-4,6-dinitrophenol
2-Chloronapthalene Naphthalene
2-Chlorophenol Nitrobenzene
4-Chlorophenyl phenyl ether 2-Nitrophenol
Chrysene 4-Nitrophenol
Dibenzo(ah)anthracene N-nitrosodimethylamine
1,2-Dichlorobenzene N-nitrosodi-n-propylamine
1,3-Dichlorobenzene N-nitrosodiphenylamine
1,4-Dichlorobenzene Phenanthrene
3,3'-Dichlorobenzidine Phenol
2,4-Dichlorophenol Pentachlorophenol
2,4-Dinitrophenol Pryene
Diethyl phthalate 1,2,4-Trichlorobenzene
2,4-Dimethylphenol 2,4,6-Trichlorophenol

CONVENTIONAL PARAMETERS
Ammonia
Cyanide Total Petroleum Hydrocarbons
Total Organic Carbon % Solids*

* sediment only

TABLE 1

PARAMETERS DETERMINED BY CHEMICAL ANALYSIS
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2.3 LABORATORY FACILITIES 

The PBS&J ETOX Laboratory has separate areas for water and sediment storage, culture of test 
organisms, and testing. 

Testing was performed in 20°C test chambers for all bioassays. Lighting was arranged for each test phase 
so that light intensity was approximately 1200 microwatt (µw)/square centimeters (cm2) using cool-white 
fluorescent bulbs with a 16-hour light and 8-hour dark cycle. 

2.4 ORGANISM ACQUISITION 

Three organisms were tested in the SPP bioassay: the silverside minnow, Menidia beryllina (16 days old); 
and adult (7 days old) and post-larval (<24 hours old) mysid shrimp, Americamysis bahia. Two organisms 
were tested in the solid phase bioassay: the amphipod, Leptocheirus plumulosus, and the mysid shrimp 
(5 days old). 

Only amphipods used in the solid phase bioassay were purchased from a commercial dealer. L. 
plumulosus were purchased from Cheasapeake Cultures, Hayes, Virginia. The organisms used in the SPP 
bioassays and the mysids for the solid phase bioassay were all cultured at the PBS&J ETOX Laboratory. 

The amphipods were shipped to the PBS&J ETOX Laboratory via overnight express carrier and were 
contained in a wide-mouth jar filled with natural seawater, packaged in an insulated cooler with freeze 
gels to prevent overheating during transit. Any amphipods that did not burrow and any organisms that 
exhibited abnormal behavior in the first 4 hours after being put into the test vessels were replaced by 
healthy organisms. No organisms were held for more than 3 weeks. 

2.5 TEST MEDIA PREPARATION 

The elutriate for chemical analyses was prepared from site sediment and site water, combined at a 
1:4 ratio, respectively, and prepared as designated in the RIA by Anacon personnel. The SPP was also 
prepared from site sediment and site water, combined at a 1:4 ratio, respectively, and prepared as 
designated in the RIA by PBS&J personnel. 

All sediment used in the solid phase bioassays was sieved through a 1.0-millimeter (mm) screen, using no 
additional water. All animal tissue was removed and the remaining material recombined with the 
sediment from which it had been removed. All sediment was screened as soon as possible after collection 
to prevent the decay of organic material and stored at 2–4°C. 
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2.6 CHEMICAL ANALYSES 

2.6.1 Water, Elutriate, and Sediment 

Water, elutriate, and sediment samples from each station were analyzed for the parameters listed in 
Table 1. The methods of analysis and the minimum detection limits are included in Appendix B, 
Tables B-1 and B-2. 

2.6.2 Grain Size Analyses 

Sediment samples from the test stations and the reference area were collected for grain size analysis. 
Samples were subjected to standard sieve analysis (sieve sizes 4, 10, 20, 40, 50, 70, 100, 140, and 200) to 
determine the percent of fine sand and larger particles. Hydrometer analyses (elapsed time reading of 2, 4, 
30, 60, 120, 240 and 1,440 minutes), complemented by specific gravity determinations, were conducted to 
determine the percent silt, clay, and colloidal material in the sediments. Cutoff points between medium 
and fine sand, fine sand and silt, silt and clay, and clay and colloidal material are sieve size 40, sieve 
size 200, 0.005 mm, and 0.001 mm, respectively. 

2.7 BIOASSESSMENT PROCEDURES 

2.7.1 Randomization 

Test and control vessel locations in the testing chambers were randomized using numbers from a personal 
computer random number generator.  

2.7.2 Suspended Particulate Phase Bioassays 

The suspended particulate phase, after being prepared as described in Section 2.5, was transferred to the 
test containers, either 1,000-milliliter (ml) or 500-ml disposable food-grade, polypropylene cups 
(containing 750 ml or 375 ml test solution, respectively), and mixed with laboratory-prepared seawater 
(Hawaiian Marine Mix7 [HMM]) in appropriate proportions to give three replicates each of 10%, 50%, 
and 100% concentrations of SPP per station. Containers filled with 100% HMM were used as controls for 
the tests. 

After the test containers were prepared and determined to be at the appropriate temperature, 10 
M. beryllina or 10 adult mysids were added randomly to each 750-ml cup. Ten post-larval M. bahia were 
added to each 375-ml test container. The loading factor in all vessels was less than one-half gram per liter. 
Counts were made after 24 and 48 hours in the post-larval mysid bioassays and after 24, 48, 72, and 
96 hours in the adult mysid and silverside minnow bioassays to monitor the number of surviving 
organisms. 
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Temperature, dissolved oxygen (DO), pH, salinity, and ammonia (100% concentration only for ammonia) 
were recorded daily (Appendix C, Table C-1). The fish were not fed but the mysids, being highly 
cannibalistic, were given small amounts of brine shrimp. 

2.7.3 Solid Phase Bioassay 

The solid phase bioassay consisted of a one-day settling period after the sediment was added, followed by 
10 days (Days 1–10) of test-organism exposure. The bioassay vessels were partially filled with artificial 
seawater and enough sediment (test station, Reference, or True Control) was placed in each vessel to meet 
the needs of the test organisms and to make at least a 2-cm layer on the bottom. Five replicates were 
prepared for each of the test stations, for the Reference Control, and for the True Control. Different 1-liter 
jars were used for the amphipods and for the mysids. A loading factor of no more than one-half gram of 
tissue per liter of test or control medium was maintained. 

Twenty-four hours after the addition of the sediment, the water was changed, and 20 organisms per 
replicate were placed in the test vessels. 

Temperature, DO, pH, salinity, and ammonia were recorded daily (Appendix D, Table D-1). Seventy-five 
percent of the water was siphoned off and replaced one hour before and 48 hours after test initiation and 
at 48-hour intervals thereafter.  

After 10 days, the solid phase bioassay was terminated. The sediment was wet-sieved (0.5-mm screen) to 
remove surviving organisms and both species were counted.  

2.8 STATISTICAL ANALYSES 

Statistical analyses are described in detail in the Delivery Order and the RIA and are designed to 
determine whether the test results are significantly different from the results of the Reference Control. All 
statistical comparisons were at the 95% confidence level and are included in Appendices B, C, and D, if 
needed. 

2.8.1 Use 

Statistical calculations were performed for any SPP bioassay if survival in any 100% test treatment is less 
than the survival in the True Control. For the solid phase bioassay, statistical comparisons of mean 
survival were made for each species and for the total number of organisms, if (1) mean survival for any 
station test was less than that for the Reference Control, and (2) the difference between Control and test 
survival was at least 10% (20% for the amphipods).  



 

441652/070070 2-6 

2.8.2 Methods 

The Shapiro-Wilks test was used to determine if the data were normally distributed. Bartlett’s test was 
first used to determine the homogeneity or heterogeneity of the variances. If Bartlett’s test failed because 
of zero variance in any test, Cochran’s test was used. 

To determine if the difference between the mean survival of organisms in the 100% SPP and the control 
was statistically significant the two-sample t-test (EPA/CE, 1991) was used. The t-test is calculated as: 

]n/1 + n/(1 / )S[(
X - X = t 2/1

testcontrol
2
p

testcontrol
calc  

where, X is the mean survival, n is the number of replicates in the treatment, and Sp
2 is the pooled 

variance and is calculated as: 

2]-n + n[ / )]S1)(-n( + )S1)(-n[( = S testcontrol
2

test
2
controlcontrol

2
p test  

If tcalc is less than the tabulated t-value at the 95% confidence level and for the appropriate degrees of 
freedom, the means are not statistically different. If tcalc is greater than the tabulated t-value, the difference 
between the means is statistically significant. 

To determine if the difference among the mean survival of organisms in the SP bioassays and in the 
control was statistically significant the following were used: 

1) If the data were normally distributed and the variances were homogeneous, with or without 
data transformation, an Analysis of Variance (ANOVA) was conducted (Box 9.1, Sokal and 
Rohlf, 1981) and the calculated F-value was compared to the tabulated F-value for the 
appropriate degrees of freedom at the 95% confidence level. If the calculated F-value was 
less than the tabulated F-value, the difference is not statistically significant. 

2) If the calculated F-value, determined by the ANOVA, was greater than the tabulated F-value, 
indicating a significant difference among the means, Dunnett's Procedure was used to 
determine which, if any, test mean was significantly different from the control mean. The 
Dunnett's Procedure is similar to the Student's t-test except the within-treatments mean square 
is used in place of the variances of the two treatments being compared: 

3) Probable outliers were examined with the Dixon Test. This test compares the ratio, 
(X2 - X1)/(Xn - X1), to a tabulated value based on the number of points in the data set. X1 is 
the possible outlier, X2 is the datum nearest in value to X1 and Xn is the datum most distant 
in value from X1. 

4) If the data were not normally distributed or the variances were heterogeneous, and could not 
be made normal or homogeneous by transformation, a rank sum test, the Kruskal-Wallis Test, 
was used to determine if there was a significant difference among the means. If a significant 
difference was determined, Dunn’s Multiple Comparison was used to compare the mean of 
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each test data set to the mean of the Reference Control, unless the test mean was less than the 
reference control mean. 
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3.0 RESULTS AND DISCUSSION 

3.1 CHEMISTRY 

The results of chemical analyses for compounds detected in water and elutriate samples are presented in 
Tables 3 and 4. Also included in Table 3 are the Texas Surface Water Quality Standards (TWQS), 
provided by the Texas Commission on Environmental Quality (TCEQ) for the protection of aquatic life, 
and EPA water quality criteria (WQC). Since the sediment and water samples used to prepare the 
elutriates are from grab samples from a marine environment, and thus are a snap shot in time, the acute 
marine TWQS and WQC are appropriate for comparison. An examination of Table 2 indicates that there 
are no exceedances of any TWQS or WQC for the Channel stations. 

Elutriates were prepared from test sediment and channel water for chemical analysis in the same manner 
as the SPP (Section 2.5.1), except the elutriate was filtered to remove suspended material for trace metal 
analysis (except mercury and selenium) or centrifuged. Therefore, the elutriate provides information on 
those constituents that are dissolved into the water column during dredging and open-water placement. A 
comparison of the elutriate results with the channel water results indicates an increases in ammonia, 
arsenic, and selenium, upon elutriate preparation at all channel and reference stations, although several of 
the elutriate selenium concentrations were below detection limits and none were more than twice the 
detection limit. More importantly, an examination of Table 3 indicates that there are no exceedances of 
any TWQS or WQC for the Channel stations. 

Sediment concentrations of detected compounds are presented in Table 4. There are no trends evident in 
the data except that Stations C-MC and BS4 consistently contained the lowest concentration of metals, as 
would be expected because they also contained the highest percent sand and percent solids. Therefore, 
they had less fines to bind with the metals and increase the metals concentration. The concentrations of all 
organics, except total organic carbon (TOC), were below detection limits.  

There are no sediment quality criteria with which to compare chemical concentrations in sediment. 
However, there are several different guidelines that are used to look for a cause for concern in sediment 
samples, one of which is the Effects Range Low (or ERL). ERLs were developed by a technique that 
demonstrates no cause and effect from the chemicals in the data set and when ERLs derived from sets of 
data from different areas are compared, the results are inconsistent (WES, 1998). Since the ERLs are not 
based on cause and effect data, they are used only to determine a possible “cause of concern.” The ERLs 
presented in Table 5 are those given in the National Oceanic and Atmospheric Administration (NOAA) 
1999 Screening Quick Reference Tables (Buchman, 1999). No ERLs were exceeded. Mercury was 
detected in only one sample, Reference A, at less than half the ERL. No dredging will occur at Reference 
A. 

The grain size distribution of the sediments varies widely from 12.4% to 67.2% fines. All contained some 
shell and sediment from Station BS2 was 20% shell. 



TABLE 2

CONCENTRATIONS OF DETECTED COMPOUNDS (ug/L)
WATER

MATAGORDA SHIP CHANNEL

Date Sampled:  February 6-8, 2007

WQC TWQS Detection A-MC B-MC B-MC C-MC AR-MC BR-MC CR-MC BS3
Parameter Acute Acute Limit Dup

Antimony 3.00 0.45 J BDL BDL BDL BDL BDL BDL BDL

Arsenic 69 149 1.00 2.19 2.05 2.20 2.34 2.27 2.37 2.03 1.91

Cadmium 40 45.4 1.00 BDL BDL BDL 0.74 J BDL BDL 0.24 J BDL

Copper 4.8 13.5 1.00 0.62 J 0.60 J 0.69 J 0.60 J 0.79 J 0.74 J 0.48 J 0.83 J

Lead 210 133.0 1.00 0.44 J 0.70 J 0.57 J 1.45 0.35 J 0.32 J 1.19 BDL

Nickel 74 118.0 1.00 0.72 J 0.60 J 0.64 J 0.68 J 0.63 J 0.89 J 0.51 J 0.58 J

Selenium 290 564 2.00 1.64 J 1.87 J 1.81 J 1.93 J 1.01 J 1.11 J 1.94 J 1.39 J

Thallium N/A N/A 1.00 0.19 J BDL BDL 0.28 J 0.22 J 0.14 J 0.54 J 0.18 J

Zinc 90 92.7 1.00 3.17 2.59 3.22 3.37 3.49 3.85 3.44 4.36

Ammonia* N/A N/A 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

TOC* N/A N/A 0.10 6.79 6.28 7.26 5.97 8.17 6.32 6.53 9.02

Dup = Duplicate Sample
BDL = Below Detection Limits
* mg/L
J  Compound detected value below Quantitation Limits



TABLE 3

CONCENTRATIONS OF DETECTED COMPOUNDS (ug/L)
ELUTRIATE

MATAGORDA SHIP CHANNEL

Date Sampled:  February 6-8, 2007

WQC TWQS Detection A-MC B-MC B-MC C-MC AR-MC BR-MC CR-MC BS1 BS2 BS3 BS4
Parameter Acute Acute Limit Dup

Antimony 3.00 0.45 J BDL 0.70 J BDL 1.40 J 0.56 J BDL BDL 0.36 J 0.49 J BDL

Arsenic 69 149 1.00 4.37 4.03 4.92 3.60 8.48 4.68 3.79 9.54 7.44 8.13 3.17

Cadmium 40 45.4 1.00 0.30 J 0.41 J 0.32 J 0.28 J 0.40 J 0.27 J 0.55 J 0.41 J 0.44 J 0.23 J 0.45 J

Copper 4.8 13.5 1.00 1.11 0.80 J 0.84 J 0.57 J 0.83 J 0.76 J 0.32 J 0.56 J 0.69 J 0.43 J 0.64 J

Lead 210 133.0 1.00 0.89 J 0.95 J 1.19 1.09 1.93 0.63 J 1.33 0.45 J 0.58 J 0.63 J 0.77 J

Nickel 74 118.0 1.00 0.88 J 0.77 J 1.07 0.94 J 0.95 J 0.83 J 1.24 0.84 J 0.91 J 0.63 J 0.72 J

Selenium 290 564 2.00 2.21 2.38 2.31 2.74 1.50 J 1.70 J 2.65 1.40 J 2.47 1.40 J 1.90 J

Thallium N/A N/A 1.00 0.55 J 0.60 J 0.20 J 1.09 0.18 J 0.42 J 0.44 J 0.28 J 0.12 J 0.34 J 0.25 J

Zinc 90 92.7 1.00 4.52 5.12 4.99 8.95 4.78 4.01 13.1 3.88 4.02 3.47 3.72

Ammonia* N/A N/A 0.03 3.14 1.87 2.77 3.62 1.39 2.26 1.49 2.41 1.87 2.38 2.63

TOC* N/A N/A 0.10 8.01 5.22 5.56 5.06 9.32 6.00 4.64 7.90 6.92 10.8 6.67

Dup = Duplicate Sample
BDL = Below Detection Limits
* mg/L
J  Compound detected value below Quantitation Limits



TABLE 4

CONCENTRATIONS OF DETECTED COMPOUNDS (ug/L)
SEDIMENT

MATAGORDA SHIP CHANNEL

Date Sampled:  February 6-8, 2007

Detection NOAA A-MC B-MC B-MC C-MC AR-MC BR-MC CR-MC BS1 BS2 BS3 BS4 OS10
Parameter Units Limit ERL Dup

Arsenic mg/kg 0.30 8.2 3.87 3.37 3.48 2.74 4.72 5.50 4.81 4.18 2.49 3.48 1.44 5.49
Beryllium mg/kg 1.00 N/A 0.30 J 0.22 J 0.27 J 0.12 J 0.48 J 0.52 J 0.36 J 0.24 J 0.16 J 0.41 J BDL 0.29 J
Chromium, Total mg/kg 1.00 81.0 6.85 5.91 7.20 3.89 9.91 10.2 10.4 6.36 4.13 8.75 1.35 8.10
Chromium III mg/kg 1.00 N/A 6.85 5.91 7.20 3.89 9.91 10.2 10.4 6.36 4.13 8.75 1.35 8.10
Copper mg/kg 1.00 34.0 4.27 3.36 4.36 2.26 6.07 7.04 6.19 4.21 2.77 5.67 1.35 5.75
Lead mg/kg 0.30 46.7 8.48 6.28 7.90 4.76 12.2 13.5 11.5 8.12 5.64 10.6 2.38 4.71
Mercury mg/kg 0.02 20.9 BDL BDL BDL BDL 0.07 BDL BDL BDL BDL BDL BDL BDL
Nickel mg/kg 0.50 20.9 2.94 2.67 2.67 1.95 3.10 3.05 4.02 2.62 2.25 2.71 2.75 2.84
Selenium mg/kg 0.50 N/A 0.15 J 0.10 J 0.12 J BDL 0.17 J 0.17 J 0.11 J 0.16 J 0.10 J 0.15 J 0.08 J 1.63
Thallium mg/kg 0.20 N/A 0.13 J 0.07 J 0.11 J 0.05 J 0.22 0.16 J 0.12 J 0.11 J 0.09 J 0.23 BDL 0.09 J
Zinc mg/kg 2.00 150 4.50 4.64 4.62 4.06 5.26 6.44 11.1 3.75 2.32 5.23 BDL 1.88 J
Ammonia mg/kg 0.10 N/A 205 171 269 281 323 308 379 295 225 264 184 204
TOC % 0.10 N/A 0.68 0.41 0.59 0.52 0.64 0.66 0.71 0.70 0.30 0.62 0.12 0.24
Percent Solids % N/A N/A 60.5 68.5 66.3 77.0 57.7 57.5 56.3 61.2 69.1 61.2 73.6 65.6
Ag
Gravel/Shell % N/A N/A 5.9 1.8 2.3 10.6 10.8 3.2 0.0 8.8 20.0 3.3 18.7 14.7
Sand % N/A N/A 45.7 60.1 47.2 76.1 35.4 36.1 39.4 52.8 53.0 29.6 68.9 45.1
Silt % N/A N/A 20.4 10.2 26.3 4.6 22.8 12.6 36.0 9.4 13.1 31.6 5.8 20.1
Clay % N/A N/A 28.0 27.9 24.2 8.7 31.0 48.1 24.6 29.0 13.9 35.5 6.6 20.1
D50 mm N/A N/A 0.11 0.11 0.07 0.23 0.06 0.01 0.04 0.17 0.80 0.02 1.36 0.13

Dup = Duplicate Sample
BDL = Below Detection Limit
N/A  = Not Applicable
J  Compound detected value below Quantitation Limits



TABLE 5
THE NUMBER AND PERCENTAGES OF SURVIVING ORGANISMS

SUSPENDED PARTICULATE PHASE BIOASSAYS
100% TEST SOLUTION

MATAGORDA SHIP CHANNEL CONSTRUCTION MATERIAL - February 2007

Number of Survivors
Site A Site B Site C

Replicate Dilution Reference Dilution Test Dilution Reference Dilution Test Dilution Reference Dilution Test
Control Sample Control Sample Control Sample Control Sample Control Sample Control Sample

A. bahia 1 10 10 10 9 10 9 10 10 10 10 10 10
  juveniles 2 10 10 10 9 10 10 10 10 10 9 10 10
  10/replicate 3 9 8 10 10 9 8 10 9 9 10 9 7

4 10 10 10 8 9 9 10 10 9 10 10 8
5 9 10 10 10 10 10 10 10 10 9 9 7

Average 9.6 9.6 10.0 9.2 9.6 9.2 10.0 9.8 9.6 9.6 9.6 8.4
(%) 96.0% 96.0% 100.0% 92.0% 96.0% 92.0% 100.0% 98.0% 96.0% 96.0% 96.0% 84.0%

A. bahia 1 10 9 9 10 10 10 9 10 10 9 10 10
  adults 2 10 10 10 10 10 9 10 9 10 10 10 9
  10/replicate 3 10 10 10 10 10 10 10 10 10 10 10 8

4 10 10 10 10 10 9 10 9 10 10 10 10
5 9 9 10 10 10 9 10 10 9 10 10 10

Average 9.8 9.6 9.8 10.0 10.0 9.4 9.8 9.6 9.8 9.8 10.0 9.4
(%) 98.0% 96.0% 98.0% 100.0% 100.0% 94.0% 98.0% 96.0% 98.0% 98.0% 100.0% 94.0%

M. beryllina 1 10 10 9 10 10 9 9 9 10 9 10 9
  10/replicate 2 10 10 9 9 10 10 9 9 10 10 10 10

3 9 9 10 10 9 10 10 10 9 10 9 10
4 10 9 10 10 10 10 10 9 10 9 10 9
5 10 10 9 10 9 10 9 10 9 8 10 10

Average 9.8 9.6 9.4 9.8 9.6 9.8 9.4 9.4 9.6 9.2 9.8 9.6
(%) 98.0% 96.0% 94.0% 98.0% 96.0% 98.0% 94.0% 94.0% 96.0% 92.0% 98.0% 96.0%
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3.2 BIOASSESSMENT STUDIES 

3.2.1 Suspended Particulate Phase Bioassay 

Summary results of the SPP bioassays for the True Control, the Reference Control, and channel samples 
are presented in Table 5. Detailed survival and the range of physical parameters can be found in Appendix 
C.  

There were no tests in which the survival in the True Control was greater than survival in the channel 
treatments and the difference exceeded 10% (Section 2.8.1), thus requiring statistical analysis. Therefore, 
these data yield no indication of expected toxicity to sensitive marine organisms during dredging or 
placement. Since less than 50% mortality occurred in all of the construction material treatments, it is not 
possible to calculate an LC50. In such cases, the, LC50 is assumed to be ≥100% (RIA Section 9.3.3) and 
the Limiting Permissible Concentration (LPC) for the SPP is met. 

3.2.2 Solid Phase Bioassay 

Survival data from the solid phase bioassays and the bioaccumulation studies are presented in Table 6, 
both by species and for total organisms. The ranges of physical parameters are presented in Appendix D. 

As with the SPP data, even though survival in the dredged material treatments was sometimes less than 
survival in the reference sediment treatments, the difference did not exceed 10% (20% for amphipods) 
and the data do not require statistical analysis. Therefore, the survival data from the solid phase bioassay 
indicate no potential for environmentally unacceptable toxic impacts to benthic organisms from the 
placement of sediments from the MSC and the LPC for benthic toxicity is met (RIA Section 10.1.3). 

3.3 SUMMARY 

There is nothing in the chemical analyses, suspended particulate phase bioassays, or solid phase bioassays 
that would indicate a concern. Despite the potential for bioaccumulation shown for one metal by one 
organism at two stations, no definitive ecological effects can be determined. Therefore, based on the 
guidance provided by the RIA, no significant adverse impacts are anticipated with the ocean placement of 
these sediments, and the LPC for the water column and solid phase, including bioaccumulation, are met. 

 



TABLE 6
THE NUMBER AND PERCENTAGES OF SURVIVING ORGANISMS

10-DAY SOLID PHASE BIOASSAYS
MATAGORDA SHIP CHANNEL CONSTRUCTION MATERIAL - 2007

Number of Survivors

Replicate True True Site A Site B Site 
(n=5) Control 1 Control 2 Reference Test Site Reference Test Site Reference

10-DAY 1 20 20 18 19 18 17 17
  L. plumulosis 2 20 20 19 18 18 19 20
   20/replicate 3 20 19 18 18 17 19 20

4 19 20 20 17 17 18 20
5 19 19 20 18 18 19 20

Average 19.6 19.6 19.0 18.0 17.6 18.4 19.4
(%) 98.0% 98.0% 95.0% 90.0% 88.0% 92.0% 97.0%

  A. bahia 1 19 20 20 20 20 19 18
    20/replicate 2 20 19 20 20 20 20 18

3 20 20 20 17 20 20 19
4 19 20 20 20 20 20 20
5 20 20 20 17 20 20 20

Average 19.6 19.8 20.0 18.8 20.0 19.8 19.0
(%) 98.0% 99.0% 100.0% 94.0% 100.0% 99.0% 95.0%

Total Organisms 1 39 40 38 39 38 36 35
  30/replicate 2 40 39 39 38 38 39 38

3 40 39 38 35 37 39 39
4 38 40 40 37 37 38 40
5 39 39 40 35 38 39 40

Average 39.2 39.4 39.0 36.8 37.6 38.2 38.4
(%) 98.0% 98.5% 97.5% 92.0% 94.0% 95.5% 96.0%
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Phone 281-934-3403 
Fax     281-934-3404 
E-mail: nhenthorne@benchmarkeco.com 

Benchmark Ecological Services, Inc. 
P.O. Box 158 
Katy Texas 77492-0158 

 
 
Mark Mazoch February 20, 2007  
URS Corporation 
9801 Westheimer, Suite 500 
Houston, Texas 77042 
 
Subject: Matagorda Channel Sediment, Water, and Elutriate Sampling Study February 2007 
 
Dear Mr. Mazoch:  

Benchmark Ecological Services, Inc. completed field collections of sediment, water, and elutriate samples on 8 February 2007.   
Field sampling was conducted between 1 February and 8 February 2007.  Listed below is a summary of the field sampling 
event.  

Field Summary 

February 1, 2007 - Benchmark attempted to collect core samples for sample C starting at station OS-11, but was unable to 
collect cores due to strong cross current and waves.  Benchmark collected ponar grab samples from O-S11 and O-S12.   Grab 
samples collected from O-S11 consisted of shell and shell pieces.  Grab samples collected at O-S12 consisted of sand, shell 
hash and shell pieces.  Results were reported to URS and PBS&J and the following decisions were made; move station O-S11 
southeast along channel, and to use a ponar grab sampler at Sample C and Reference C stations if we are unable to collect 
samples with the piston-corer.    

February 5, 2007 – Benchmark collected all water samples for analysis, bioassays, and elutriate studies as designated 
in the sample plan.  Water was analyzed for pesticides, ABN, TPH, NH3, TOC, Hex-Chrome, CN, Hg, and Metals.  
Water was filtered through a 0.45 micron filter for Metals analysis.   Water for Bioassays was not collected for Beach 
Nourishment stations B-S1, B-S2, B-S3, or B-S4.   Water for analysis and elutriate samples was collected for all four 
Beach Nourishment stations from station B-S3.    Sample D is a duplicate of Sample B and was collected from 
substation O-S8.    Sample stations, times, and sample IDs are listed in Table 1. 

February 6, 2007 - Water samples for analysis and elutriates were delivered to Anacon Laboratories and water 
samples for Bioassays were delivered to the PBS&J Aquatic Toxicity Laboratory in Houston, Texas.  Sediment for 
analysis, bioassays and elutriate was collected for Sample C, Reference Sample C, and Reference Sample B.   A ponar 
grab, instead of the piston-corer, was used to collect the sediment for Sample C and Reference C because of strong 
currents and waves.   Reference Sample B sediment was collected using a piston-coring device.  Sample stations, 
times, sample IDs, sample depths, and brief sediment descriptions are listed in Table 2.    

February 7, 2007- Sediment was collected using a piston-coring device for analysis and elutriates for Sample D and 
from the four Beach Nourishment Stations B-S1, B-S2, B-S3, and B-S4.   Sample D is a duplicate of analytical and 
elutriate sediment collected for Sample B.  Sediment for analysis, bioassay, and elutriate samples was collected using a 
piston-coring device for Reference Sample A and Sample B. The Sample Plan designated 5 sub-stations to be 
composited together to make Sample B (O-S6, O-S7, O-S8, O-S9, and O-S10).   We were unable to collect a core 
sample from sub-station O-S10 because the sediment consisted of clay, shell and coarse sand.  The station was also 
located on a slope.  Station O-S10 was discussed with URS and PBS&J and it was decided that we should collect a 
ponar grab sample from station O-S10 for analysis only.  The sediment sample from station O-S10 was collected on 8 
February 2007.  Sample B (and duplicate Sample D) consisted of a composite of stations O-S6, O-S7, O-S8, and O-S9.  
Sample stations, times, sample IDs, sample depths, and brief sediment descriptions are listed in Table 2.    

February 8, 2007 – Sediment for analysis, bioassay, and elutriate samples were collected using a piston-coring device 
for Sample A.  A ponar grab sampler was used to collect sediment from station O-S10 for  analysis.   Sample stations, 
times, sample IDs, sample depths, and brief sediment descriptions are listed in Table 2.    

February 9, 2007 –Sediment samples were delivered to Anacon Laboratories and PBS&J.  
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Table 1 - Water Sample Summary Table      

Sample ID Coordinates1       

Station ID 
Sub-Station 

Id 
Water Analysis & 

Elutriate Bioassays Easting Northing Date Time 

Sample 
Depth 

(ft) 

Sample A O-S3 A-MC-SW-001   A-MC-BA-001   2777410 13387312 2/5/2007 15:45 5 

Sample B O-S8 B-MC-SW-002 B-MC-BA-002 2802850 13367905 2/5/2007 16:45 5 

Sample C O-S13 C-MC-SW-003 C-MC-BA-003 2835539 13340185 2/5/2007 18:23 10 

Sample D2 O-S8 D-MC-SW-007 N/A 2802850 13367905 2/5/2007 16:55 5 

Reference A Ref A-1 AR-MC-SW-004 AR-MC-BA-004 2770803 13389949 2/5/2007 15:16 5 

Reference B Ref B-1 BR-MC-SW-005 BR-MC-BA-005 2790325 13374575 2/5/2007 16:15 5 

Reference C Ref C-1 CR-MC-SW-006 CR-MC-BA-006 2845646 13344412 2/5/2007 18:00 10 

Beach 
Nourishment 

Stations 
BS-33 BS3-SW-003 N/A 2767088 13395204 2/5/2007 14:30 5 

1Coordinates in State Plane NAD 1983, Texas South Central, feet 
2Sample D was a duplicate of Sample B  
3Water for analysis and elutriate samples for all Beach Nourishment Stations (B-S1, B-S2, B-S3, and B-S4) was collected from B-S3 
N/A - Not applicable for this station.       



Matagorda Channel Sediment Water and Elutriate Sampling Study
February 20, 2007

Table 1 - Sediment Sample Stations Summary Table

Sub-
Station Id

Sediment 
Analysis & 
Elutriate Bioassays Easting Northing Date Time

Water 
Depth (ft)2

Number of 
Cores/Grabs

Depth of 
Core/Grab (in) Sediment Descriptions

O-S1 2770225 13392776 2/8/2007 10:05 15.4 2 cores 58, 35
0-1 ft Gray clayey sand with shell hash.               
> 1 ft Gray sandy clay.

O-S2 2774106 13389819 2/8/2007 11:05 8.6 7 cores 15,10,12,8,11,12,
8

Mostly shell pieces and shell.  Small amount of 
gray sand and gray clay.

O-S3 2777410 13387312 2/8/2007 11:55 12.7 3 cores 34,24,28 Gray clay sand over gray clay.

O-S4 2780572 13384884 2/8/2007 12:23 N/A 3 cores 21,24,24 0-3 inches shell hash.                                            
3 - depth gray clayey sand.

O-S5 2783768 13382462 2/8/2007 12:44 12.7 7 cores 9,8,6,10,11,8,9
0-5 inches shell hash and sand on the surface.      
5 to depth below the surface gray sandy clay.

O-S6 2787751 13379444 2/7/2007 12:20 13.5 5 cores 15,19,18,17,19 Coarse sand and shell hash.
O-S7 2796413 13372771 2/7/2007 11:31 13.9 6 cores 12,19,11,9,14,16 Coarse sand and shell hash.
O-S8 2802850 13367905 2/7/2007 10:32 13.8 4 cores 34,20,19,26 Coarse sand and shell hash.
O-S9 2810812 13361856 2/7/2007 9:34 16.8 3 cores 34,36,28 Coarse sand and shell hash.
O-S6 2787751 13379444 2/7/2007 12:20 13.5 5 cores 15,19,18,17,19 Coarse sand and shell hash.
O-S7 2796413 13372771 2/7/2007 11:31 13.9 6 cores 12,19,11,9,14,16 Coarse sand and shell hash.
O-S8 2802850 13367905 2/7/2007 10:32 13.8 4 cores 34,20,19,26 Coarse sand and shell hash.
O-S9 2810812 13361856 2/7/2007 9:34 16.8 3 cores 34,36,28 Coarse sand and shell hash.

OS10 O-S10 OS10 N/A 2817922 13356446 2/8/2007 13:35 25 10 ponar grabs < 1
Sample is composed of shell, shell hash, clay 
balls and sand balls.

O-S11 2834062 13342365 2/6/2007 13:00 44.2 2 ponar grabs 8 Gray sand shell hash and shell pieces.
O-S12 2833163 13343430 2/6/2007 11:56 53 17 ponar grabs 1-4 Gray sand shell hash and shell pieces.
O-S13 2835539 13340185 2/6/2007 10:50 36.8 20 ponar grabs 1-4 Gray sand shell hash and shell pieces.
O-S14 2839476 13337046 2/6/2007 9:45 38.5 18 ponar grabs 1-4 Gray sand shell hash and shell pieces.
O-S15 2842578 13333087 2/6/2007 9:24 44.9 9 ponar grabs 1-4 Silty clay over gray sand, with shell hash.

Ref A-1 2770803 13389949 2/7/2007 13:00 10 4 cores 21,23,28,21 Gray sand and brown fine clay.
Ref A-2 2771525 13389018 2/7/2007 13:45 9.5 3 cores 32,38,24 Gray sand and brown fine clay.
Ref A-3 2771171 13389519 2/7/2007 13:30 3 cores 28,37,38 Gray sand and brown fine clay.

Ref B-1 2790325 13374575 2/6/2007 17:02 11.4 5 cores 15,19,19,19,19
Gray/brown sandy clay with small amount of 
shell hash.

Ref B-2 2789902 13374945 2/6/2007 17:25 11.6 5 cores 14,16,14,15,19 Gray/brown sandy clay with small amount of 
shell hash.

Ref B-3 2790853 13374129 2/6/2007 16:40 11.8 3 cores 24,21,27
Gray/brown sandy clay with small amount of 
shell hash.

AR-MC-SD-004

BR-MC-SD-005

AR-MC-BA-0043

BR-MC-BA-0053

A-MC-SD-001 

B-MC-SD-002 

D-MC-SD-007 

A-MC-BA-0013

B-MC-BA-0023

Reference A

Reference B

Sample ID

Sample D4

Coordinates1

Station ID

N/A

Sample C

Sample A

Sample B

C-MC-BA-0033C-MC-SD-003 
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Matagorda Channel Sediment Water and Elutriate Sampling Study
February 20, 2007

Table 1 - Sediment Sample Stations Summary Table

Sub-
Station Id

Sediment 
Analysis & 
Elutriate Bioassays Easting Northing Date Time

Water 
Depth (ft)2

Number of 
Cores/Grabs

Depth of 
Core/Grab (in) Sediment Descriptions

Sample ID Coordinates1

Station ID

Ref C-1 2845646 13344412 2/6/2007 8:40 36.4 3 ponar grabs 7
Brown silty clay on surface over gray sand with 
shell hash.

Ref C-2 2845223 13344756 2/6/2007 8:15 35.8 2 ponar grabs 8 Brown silty clay on surface over gray sand with 
shell hash.

Ref C-3 2846198 13343921 2/6/2007 8:57 38.4 2 ponar grabs 8
Brown silty clay on surface over gray sand with 
shell hash.

Beach 
Nourishment 

Site 1
B-S1 BS1-SD-001 N/A 2760185 13400415 2/7/2007 17:05 9.5 1 core 21

Gray sand and shell hash with shell pieces

Beach 
Nourishment 

Site 2
B-S2 BS2-SD-002 N/A 2762301 13398836 2/7/2007 17:35 8.5 2 cores 11,11

Gray sand with small amount of silt or fine clay. 
Lots of shell hash and shell pieces.

Beach 
Nourishment 

Site 3
B-S3 BS3-SD-003 N/A 2767088 13395204 2/7/2007 18:00 14.4 1 core 36

0-1 ft Gray clayey sand with shell hash and shell 
pieces.                                                           1-3 
ft Gray sandy clay with small amount of shell 
hash and shell pieces.

Beach 
Nourishment 

Site 4
B-S4 BS4-SD-004 N/A 2772396 13391147 2/8/2007 10:30 10.4 3 ponar grabs 1-3

Sample is composed of shell hash, shell pieces, 
sand, and small amounts of fine clay.

2Actual depth recorded at the time of sampling, not tied to MLT
3Two gallons of sediment was collected from each of the substations.
4Sample D was a duplicate of Sample B (sediment for analysis and elutriate only)
N/A - Not applicable for this station.

Reference C

1Coordinates in State Plane NAD 1983, Texas South Central, feet

CR-MC-SD-006 CR-MC-BA-0063
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Methods 

Sample Station Location- Sample stations were located and recorded using a Global Positioning System and are 
shown in Figure 1.  Sample station coordinates, sample ID’s, sample collection dates and sediment descriptions are 
listed in Tables 1 and 2 for water and sediment respectively. 

Piston-coring Device – Sediment for Sample A, Sample B, Reference Sample A, Reference Sample B, and the Beach 
Nourishment stations (B-S1, B-S2, B-S3, and B-S4) was collected using a piston-coring device.  The coring device 
consists of a 3-inch diameter polycarbonate core tube attached to an aluminum rod.  The coring device was manually 
driven into the sediment until firm resistance prevented further penetration.  The coring device was then retrieved with 
the sediment core contained within the core tube.  

Sediment cores were measured and visually inspected on board the sampling vessel and extruded into the 2 gallon 
buckets provided for the Bioassays or pre-cleaned stainless steel bowls for analysis.   Stainless steel spoons were used 
to homogenize and sub-sample the sediment for analysis.    All sample containers were labeled with the sample ID, 
station ID, collection date, and time.  Sample containers were placed in an insulated chest with ice.   

Ponar Grab Sampler - Sediment for Sample C, Reference Sample C, and Sample O-S10 were collected using a 
ponar grab sampler.  The sample was placed directly from the ponar sampler into the buckets provided for the Bioassay 
samples and into pre-cleaned stainless steel bowls for analysis.   Stainless steel spoons were used to homogenize and 
sub-sample the sediment for analysis.    All sample containers were labeled with the sample ID, station ID, collection 
date, and time.  Sample containers were placed in an insulated chest with ice. 

Water Samples – Water samples were collected using a peristaltic pump and C-Flex tubing.   Water samples for 
metals analysis were filtered through a 0.45 micron filter. All sample containers were labeled with the sample ID, 
station ID, collection date, and time.  Sample containers were placed in an insulated chest with ice.   Samples to be 
analyzed for Hex-Chrom were collected and delivered to the analytical laboratory within 18 hours in order to have 
them analyzed within the 24 hour hold time. 
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Discussion 

Listed below are changes to the sample plan that were made during the field study. 

• Sediment collected for Sample C and Reference Sample C was collected using a grab sampler instead of the 
Piston-Coring Device.  This was due to the currents and waves experienced at these stations. 

• Station O-S11 was moved southeast and to the opposite side of the channel (between O-S12 and O-S13) 
because it was located on a shell bed.   A series of grab samples were collected along the western side of the 
channel between the original station O-S11 and O-S13.  All of the grab samples contained only shell and shell 
pieces.    

• O-S10 was not included in the composite for Sample B.  The sediment surface consists of clay, coarse sand 
and shell pieces.  We were unable to collect cores in this area.   We attempted to collect cores between station 
O-S10 and O-S9 but were unsuccessful.  Most of this area is deeper then 25 feet and is located on a slope into 
the existing channel.  A separate grab sample was collected from station O-S10 and it was sent to Anacon for 
chemical analysis.  

• Sub-station O-S2 and Stations B-S1 and B-S4 were moved a short distance because we were unable to collect 
a sample core at the original site.  The surface of the sediment at the original stations consisted of shell and 
shell hash.    Revised sample stations locations are shown in Figure 1. 

 

Thank you for the opportunity to participate in this project.  We look forward to working with you on future projects.  
If you have any questions or comments, please call me at 281 934-3403, ext. 113. 

 

Sincerely, 

Benchmark Ecological Services, Inc. 

 
Neil Henthorne 

Project Manager 



 

 

Appendix B 
 

Chemical Methods 



TABLE B-1

ANALYTICAL METHODOLOGY AND MINIMUM DETECTION LIMITS

Contract
Required Units EPA

Parameter Detection Method 1

Limit

Water and Elutriate

METALS
Antimony 3.00 ug/L 200.8
Arsenic 1.00 ug/L 200.8
Beryllium 0.20 ug/L 200.8
Cadmium 1.00 ug/L 200.8
Chromium, Total 1.00 ug/L 200.8
Chromium, Trivalent 1.00 ug/L 200.8
Chromium, Hexavalent 1.00 ug/L 200.8
Copper 1.00 ug/L 200.8
Lead 1.00 ug/L 200.8
Mercury 0.20 ug/L 200.8
Nickel 1.00 ug/L 200.8
Selenium 2.00 ug/L 200.8
Silver 1.00 ug/L 200.8
Thallium 1.00 ug/L 200.8
Zinc 1.00 ug/L 200.8

PESTICIDES AND PCBs
Aldrin 0.03 ug/L 608
Alpha-BHC 0.03 ug/L 608
Beta-BHC 0.03 ug/L 608
Gamma-BHC (Lindane) 0.03 ug/L 608
Delta-BHC 0.03 ug/L 608
Chlordane 0.03 ug/L 608
Alpha-Chlordane 0.03 ug/L 608
Gamma- Chlordane 0.03 ug/L 608
4,4'-DDD 0.10 ug/L 608
4,4'-DDE 0.10 ug/L 608
4,4'-DDT 0.10 ug/L 608
Dieldrin 0.02 ug/L 608
Endosulfan I 0.10 ug/L 608
Endosulfan II 0.10 ug/L 608
Endosulfan sulfate 0.10 ug/L 608
Endrin 0.10 ug/L 608
Endrin aldehyde 0.10 ug/L 608
Heptachlor 0.10 ug/L 608
Heptachlor epoxide 0.10 ug/L 608
Toxaphene 0.50 ug/L 608
Total PCBs 0.01 ug/L 608



TABLE B-1

ANALYTICAL METHODOLOGY AND MINIMUM DETECTION LIMITS

Contract
Required Units EPA

Parameter Detection Method 1

Limit

Water and Elutriate

SEMIVOLATILES
Acenaphthene 0.75 ug/L 625
Acenaphthylene 1.00 ug/L 625
Anthracene 0.60 ug/L 625
Benzidine 1.00 ug/L 625
Benzo(a)anthracene 0.40 ug/L 625
Benzo(a)pyrene 0.30 ug/L 625
Benzo(ghi)perylene 1.20 ug/L 625
Benzo(b&k)fluoranthene 0.60 ug/L 625
Bis(2-chloroethoxy)methane 1.00 ug/L 625
Bis(2-chloroethyl)ether 3.00 ug/L 625
Bis(2-chloroisoproply)ether 0.70 ug/L 625
Bis(2-ethylhexyl)phthalate 2.00 ug/L 625
4-Bromophenyl phenyl ether 0.40 ug/L 625
Butyl benzyl phthalate 4.00 ug/L 625
4-chloro-3-methylphenol 0.80 ug/L 625
2-Chloronapthalene 0.80 ug/L 625
2-Chlorophenol 0.90 ug/L 625
4-Chlorophenyl phenyl ether 0.60 ug/L 625
Chrysene 0.30 ug/L 625
Dibenzo(ah)anthracene 1.30 ug/L 625
Dibutyl phthalate 1.00 ug/L 625
1,2-Dichlorobenzene 0.80 ug/L 625
1,3-Dichlorobenzene 0.90 ug/L 625
1,4-Dichlorobenzene 1.00 ug/L 625
3,3-Dichlorobenzidene 3.00 ug/L 625
2,4-Dichlorophenol 10.0 ug/L 625
Diethyl phthalate 1.00 ug/L 625
2,4-Dimethylphenol 2.00 ug/L 625
Dimethyl phthalate 1.00 ug/L 625
2,4-Dinitrophenol 5.00 ug/L 625
2,4-Dinitrotoluene 2.00 ug/L 625
2,6-Dinitrotoluene 2.00 ug/L 625
Di-n-octyl phthalate 3.00 ug/L 625
1,2-Diphenylhydrazine 1.00 ug/L 625
Fluoranthene 0.90 ug/L 625
Fluorene 0.60 ug/L 625
Hexachlorobenzene 0.40 ug/L 625
Hexachlorobutadiene 0.90 ug/L 625
Hexachlorocyclopentadiene 3.00 ug/L 625



TABLE B-1

ANALYTICAL METHODOLOGY AND MINIMUM DETECTION LIMITS

Contract
Required Units EPA

Parameter Detection Method 1

Limit

Water and Elutriate

Hexachloroethane 0.90 ug/L 625
Indeno(123-CD)pyrene 1.20 ug/L 625
Isophorone 1.00 ug/L 625
2-Methyl-4,6-dinitrophenol 10.0 ug/L 625
Naphthalene 0.80 ug/L 625
Nitrobenzene 0.90 ug/L 625
2-Nitrophenol 2.00 ug/L 625
4-Nitrophenol 5.00 ug/L 625
N-nitrosodimethylamine 3.10 ug/L 625
N-nitrosodi-n-propylamine 0.90 ug/L 625
N-nitrosodiphenylamine 2.10 ug/L 625
Phenanthrene 0.50 ug/L 625
Phenol 10.0 ug/L 625
Pentachlorophenol 50.0 ug/L 625
Pryene 0.90 ug/L 625
1,2,4-Trichlorobenzene 0.90 ug/L 625
2,4,6-Trichlorophenol 0.90 ug/L 625

CONVENTIONAL PARAMETERS
Total Organic Carbon 1.00 mg/L 415.1
Total Petroleum Hydrocarbons 0.10 mg/L 8021
Cyanide 0.10 mg/L 335.2
Total Ammonia 0.03 mg/L 350.3

1 U.S. EPA, "Test Methods for the Evaluation of Solid Waste," 
SW-846, Latest Edition.



TABLE B-2

ANALYTICAL METHODOLOGY AND MINIMUM DETECTION LIMITS

Contract
Required Units EPA

Parameter Detection Method 1

Limit

Sediment and Tissue

METALS
Antimony 2.50 ug/kg 6020
Arsenic 0.30 ug/kg 6020
Beryllium 1.00 ug/kg 6020
Cadmium 0.10 ug/kg 6020
Chromium, Total 1.00 ug/kg 6020
Chromium, Trivalent 1.00 ug/kg 6020
Chromium, Hexavalent 1.00 ug/kg 6020
Copper 1.00 ug/kg 6020
Lead 0.30 ug/kg 6020
Mercury 0.20 ug/kg 6020
Nickel 0.50 ug/kg 6020
Selenium 0.50 ug/kg 6020
Silver 0.20 ug/kg 6020
Thallium 0.20 ug/kg 6020
Zinc 2.00 ug/kg 6020

PESTICIDES AND PCBs
Aldrin 3.00 ug/kg 8081A
Alpha-BHC 3.00 ug/kg 8081A
Beta-BHC 3.00 ug/kg 8081A
Gamma-BHC (Lindane) 3.00 ug/kg 8081A
Delta-BHC 3.00 ug/kg 8081A
Chlordane 5.00 ug/kg 8081A
Alpha-Chlordane 5.00 ug/kg 8081A
Gamma- Chlordane 8.00 ug/kg 8081A
4,4'-DDD 2.00 ug/kg 8081A
4,4'-DDE 2.00 ug/kg 8081A
4,4'-DDT 9.00 ug/kg 8081A
Dieldrin 3.00 ug/kg 8081A
Endosulfan I 45.0 ug/kg 8081A
Endosulfan II 4.00 ug/kg 8081A
Endosulfan sulfate 16.0 ug/kg 8081A
Endrin 56.0 ug/kg 8081A
Endrin aldehyde 9.00 ug/kg 8081A
Heptachlor 160 ug/kg 8081A
Heptachlor epoxide 5.00 ug/kg 8081A
Toxaphene 5.00 ug/kg 8081A
Total PCBs 1.00 ug/kg 8081A



TABLE B-2

ANALYTICAL METHODOLOGY AND MINIMUM DETECTION LIMITS

Contract
Required Units EPA

Parameter Detection Method 1

Limit

Sediment and Tissue

SEMIVOLATILES
Acenaphthene 20.0 ug/kg 8270C
Acenaphthylene 20.0 ug/kg 8270C
Anthracene 20.0 ug/kg 8270C
Benzidine 5.00 ug/kg 8270C
Benzo(a)anthracene 20.0 ug/kg 8270C
Benzo(a)pyrene 20.0 ug/kg 8270C
Benzo(ghi)perylene 20.0 ug/kg 8270C
Benzo(b&k)fluoranthene 20.0 ug/kg 8270C
Bis(2-chloroethoxy)methane 130 ug/kg 8270C
Bis(2-chloroethyl)ether 130 ug/kg 8270C
Bis(2-chloroisoproply)ether 140 ug/kg 8270C
Bis(2-ethylhexyl)phthalate 50.0 ug/kg 8270C
4-Bromophenyl phenyl ether 160 ug/kg 8270C
Butyl benzyl phthalate 50.0 ug/kg 8270C
4-chloro-3-methylphenol 140 ug/kg 8270C
2-Chloronapthalene 160 ug/kg 8270C
2-Chlorophenol 110 ug/kg 8270C
4-Chlorophenyl phenyl ether 170 ug/kg 8270C
Chrysene 20.0 ug/kg 8270C
Dibenzo(ah)anthracene 20.0 ug/kg 8270C
Dibutyl phthalate 50.0 ug/kg 8270C
1,2-Dichlorobenzene 20.0 ug/kg 8270C
1,3-Dichlorobenzene 20.0 ug/kg 8270C
1,4-Dichlorobenzene 20.0 ug/kg 8270C
3,3-Dichlorobenzidene 300 ug/kg 8270C
2,4-Dichlorophenol 120 ug/kg 8270C
Diethyl phthalate 50.0 ug/kg 8270C
2,4-Dimethylphenol 20.0 ug/kg 8270C
Dimethyl phthalate 50.0 ug/kg 8270C
2,4-Dinitrophenol 500 ug/kg 8270C
2,4-Dinitrotoluene 200 ug/kg 8270C
2,6-Dinitrotoluene 200 ug/kg 8270C
Di-n-octyl phthalate 50.0 ug/kg 8270C
1,2-Diphenylhydrazine 10.0 ug/kg 8270C
Fluoranthene 20.0 ug/kg 8270C
Fluorene 20.0 ug/kg 8270C
Hexachlorobenzene 10.0 ug/kg 8270C
Hexachlorobutadiene 20.0 ug/kg 8270C
Hexachlorocyclopentadiene 300 ug/kg 8270C



TABLE B-2

ANALYTICAL METHODOLOGY AND MINIMUM DETECTION LIMITS

Contract
Required Units EPA

Parameter Detection Method 1

Limit

Sediment and Tissue

Hexachloroethane 100 ug/kg 8270C
Indeno(123-CD)pyrene 20.0 ug/kg 8270C
Isophorone 10.0 ug/kg 8270C
2-Methyl-4,6-dinitrophenol 600 ug/kg 8270C
Naphthalene 20.0 ug/kg 8270C
Nitrobenzene 160 ug/kg 8270C
2-Nitrophenol 200 ug/kg 8270C
4-Nitrophenol 500 ug/kg 8270C
N-nitrosodimethylamine 20.0 ug/kg 8270C
N-nitrosodi-n-propylamine 150 ug/kg 8270C
N-nitrosodiphenylamine 20.0 ug/kg 8270C
Phenanthrene 20.0 ug/kg 8270C
Phenol 100 ug/kg 8270C
Pentachlorophenol 100 ug/kg 8270C
Pryene 20.0 ug/kg 8270C
1,2,4-Trichlorobenzene 10.0 ug/kg 8270C
2,4,6-Trichlorophenol 140 ug/kg 8270C

CONVENTIONAL PARAMETERS*
Total Organic Carbon 0.1 % 9060
Total Petroleum Hydrocarbons 5.00 mg/kg 8021
Cyanide 2.00 mg/kg SM-4500 CN-/335.2
Ammonia 0.10 mg/kg 350.3
Total Solids - % 160.3

1 U.S. EPA, "Test Methods for the Evaluation of Solid Waste," SW-
846, Latest Edition.

* Sediments only



 

 

Appendix C 
 

Suspended Particulate Phase Bioassays 



MATAGORDA SHIP CHANNEL CONSTRUCTION MATERIAL

Temperature Salinity Dissolved O2

Hour (°C) (‰) (ppm) pH

Americamysis bahia (juvenile)

0 20-22 24-27 7.6-9.0 7.5-8.2
24 21 24-27 6.5-7.2 7.2-7.9
48 20 25-29 6.5-7.5 7.4-7.7

Americamysis bahia  (adults)

0 20-22 24-27 7.7-9.0 7.8-8.2
24 21 24-27 6.2-7.0 7.3-7.9
48 20-21 26-28 5.6-7.1 7.3-7.8
72 20 26-28 5.8-7.0 7.3-7.6
96 20 26-28 5.4-6.7 7.3-7.7

Menidia beryllina

0 20-22 25-27 7.2-7.8 7.8-8.2
24 18 26-28 8.1-8.4 7.7-8.0
48 19 26-28 7.9-8.3 7.6-8.0
72 18-19 25-28 6.9-7.6 7.4-7.9
96 18-19 26-29 6.6-7.7 7.5-7.9

TABLE C-1

RANGE OF PHYSICAL PARAMETERS
SUSPENDED PARTICULATE PHASE BIOASSAY



TABLE C-2

NUMBER OF SURVIVORS - SUSPENDED PARTICULATE PHASE BIOASSAY - JUVENILE Americamysis bahia
MATAGORDA SHIP CHANNEL CONSTRUCTION MATERIAL

Site A Site B Site C
REFERENCE TEST SITE REFERENCE TEST SITE REFERENCE TEST SITE

Treatment Replicate 0-hr 24-hr 48-hr 0-hr 24-hr 48-hr 0-hr 24-hr 48-hr 0-hr 24-hr 48-hr 0-hr 24-hr 48-hr 0-hr 24-hr 48-hr

10% Test Solution 1 10 10 10 10 10 10 10 10 10 10 8 7 10 10 9 10 10 10
2 10 10 10 10 10 10 10 10 10 10 9 9 10 9 9 10 8 8
3 10 10 9 10 10 9 10 10 10 10 10 10 10 10 10 10 9 9
4 10 10 10 10 9 9 10 10 10 10 9 9 10 10 10 10 9 8
5 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 8 7

Percent Survival 98% 96% 98% 90% 96% 84%
at 48 hours

50% Test Solution 1 10 10 10 10 9 9 10 10 9 10 10 10 10 10 10 10 9 9
2 10 10 10 10 10 8 10 10 9 10 10 10 10 10 10 10 10 10
3 10 10 10 10 9 9 10 10 9 10 10 10 10 10 10 10 8 7
4 10 9 9 10 10 10 10 9 9 10 10 10 10 10 10 10 9 8
5 10 9 9 10 10 10 10 10 10 10 10 10 10 10 10 10 7 7

Percent Survival 96% 92% 92% 100% 100% 82%
at 48 hours

100% Test Solution 1 10 10 10 10 9 9 10 9 9 10 10 10 10 10 10 10 10 10
2 10 10 10 10 10 9 10 10 10 10 10 10 10 10 9 10 10 10
3 10 8 8 10 10 10 10 9 8 10 9 9 10 10 10 10 9 7
4 10 10 10 10 9 8 10 10 9 10 10 10 10 10 10 10 8 8
5 10 10 10 10 9 10 10 10 10 10 10 10 10 10 9 10 10 7

Percent Survival 96% 92% 92% 98% 96% 84%
at 48 hours

Ammonia 0.50 0.59 0.47 0.70 0.91 0.48 0.69 0.91 1.44 0.34 0.38 0.18 1.48 1.43 2.00 1.30 1.24 0.87

No Test Solution 1 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 10 9 9 10 10 10 10 9 9 10 10 10 10 9 9 10 9 9
4 10 10 10 10 10 10 10 9 9 10 10 10 10 9 9 10 10 10
5 10 9 9 10 10 10 10 10 10 10 10 10 10 10 10 10 9 9

Percent Survival 96% 100% 96% 100% 96% 96%
at 48 hours

ControlControl Control ControlControl Control



TABLE C-3
NUMBER OF SURVIVORS - SUSPENDED PARTICULATE PHASE BIOASSAY - Americamysis bahia

MATAGORDA SHIP CHANNEL CONSTRUCTION MATERIAL

SITE A SITE B SITE C
REFERENCE TEST SITE REFERENCE TEST SITE REFERENCE TEST SITE

Treatment Replicate 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr

10% Test Solution 1 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 9
4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Percent Survival 100% 100% 100% 100% 98% 98%
at 96 hours

50% Test Solution 1 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
4 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Percent Survival 98% 100% 100% 100% 100% 100%
at 96 hours

100% Test Solution 1 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 8 10 10 10 10 8
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
4 10 10 10 10 9 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 9

Percent Survival 98% 100% 98% 100% 94% 94%
at 96 hours

Ammonia 1.09 0.87 1.21 1.04 <0.01 0.98 0.86 1.09 0.91 1.08 5.01 5.26 6.39 5.89 5.43 4.92 4.82 6.21 3.39 6.11 6.34 6.81 8.19 7.66 7.21 6.34 6.81 8.19 7.66 7.21

No Test Solution 1 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Percent Survival 100% 100% 98% 100% 100% 100%
at 96 hours

ControlControl ControlControl Control Control



TABLE C-4

NUMBER OF SURVIVORS - SUSPENDED PARTICULATE PHASE BIOASSAY - Menidia beryllina
MATAGORDA SHIP CHANNEL CONSTRUCTION MATERIAL

SITE A SITE B SITE C
REFERENCE TEST SITE REFERENCE TEST SITE REFERENCE TEST SITE

Treatment Replicate 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr 0-hr 24-hr 48-hr 72-hr 96-hr

10% Test Solution 1 10 10 10 10 10 10 10 10 9 9 10 10 10 10 9 10 10 10 10 10 10 10 10 10 8 10 10 10 10 8
2 10 10 10 10 10 10 10 10 9 9 10 9 9 9 8 10 10 10 10 9 10 10 10 10 8 10 10 10 10 8
3 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
4 10 10 10 10 9 10 10 10 9 9 10 10 10 10 10 10 10 10 10 10 10 10 9 7 7 10 10 9 7 7
5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 8 10 10 10 10 9 10 10 10 9 9 10 10 10 9 9

Percent Survival 98% 94% 90% 94% 84% 84%
at 96 hours

50% Test Solution 1 10 10 10 10 10 10 10 10 9 8 10 10 10 10 9 10 10 10 10 9 10 10 10 10 8 10 10 10 10 8
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 8 10 10 10 10 10 10 10 10 10 10
3 10 10 9 9 8 10 10 10 10 10 10 10 10 10 6 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
4 10 10 10 10 10 10 10 10 10 8 10 10 10 10 10 10 10 10 10 9 10 10 10 10 8 10 10 10 10 8
5 10 10 10 10 8 10 10 10 10 10 10 10 10 10 7 10 10 10 10 10 10 10 10 10 9 10 10 10 10 9

Percent Survival 92% 92% 82% 92% 90% 90%
at 96 hours

100% Test Solution 1 10 10 10 9 9 10 10 10 10 10 10 10 10 10 7 10 10 10 10 7 10 10 10 10 5 10 10 10 10 5
2 10 10 10 10 10 10 10 10 10 7 10 10 9 9 6 10 10 10 10 8 10 10 9 10 4 10 10 9 10 4
3 10 10 10 10 9 10 10 10 10 10 10 10 10 10 6 10 10 10 10 6 10 10 10 10 4 10 10 10 10 4
4 10 10 10 10 10 10 10 10 10 10 10 10 10 10 5 10 10 9 9 8 10 10 10 10 6 10 10 10 10 6
5 10 10 10 10 10 10 10 10 10 9 10 10 10 10 7 10 10 10 10 5 10 10 10 10 5 10 10 10 10 5

Percent Survival 96% 92% 62% 68% 48% 48%
at 96 hours

Ammonia 1.09 1.05 1.26 1.04 1.47 0.98 1.02 1.16 0.98 1.35 5.01 5.53 6.05 6.14 6.21 4.92 5.20 5.79 5.96 6.13 6.34 6.70 7.93 8.21 7.78 6.34 6.70 7.93 8.21 7.78

Control Control Control Control Control Control
No Test Solution 1 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9

2 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9 10 10 9 9 9
3 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9
4 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9 10 10 10 10 9
5 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Percent Survival 92% 92% 92% 92% 92% 92%
at 96 hours



 

 

Appendix D 
 

Solid Phase Bioassays 



TABLE D-1

RANGE OF PHYSICAL PARAMETERS
SOLID PHASE BIOASSAYS

MATAGORDA SHIP CHANNEL CONSTRUCTION MATERIAL

Temperature Salinity Dissolved O2 Ammonia
Day (°C) (‰) (ppm) pH True Controls Site A Site B Site C

1 2 Ref Test Ref Test Ref Test

Americamysis bahia

0 19-22 24 - 25 7.5 - 7.7 7.9 - 8.0 <0.01 0.02 0.28 0.28 0.41 0.13 0.44 0.37
1 22 25 7.5 - 7.6 7.9 - 8.0 0.06 0.14 0.23 0.24 0.25 0.22 0.28 0.24
2 20-22 25 7.4 - 7.6 7.9 - 8.0 0.90 0.75 0.87 1.00 1.38 0.92 1.13 0.97
3 20-21 24 - 25 6.9 - 7.3 7.7 - 7.9 1.02 0.71 0.45 0.81 1.00 0.85 0.61 0.78
4 20-22 24 6.9 - 7.7 7.7 7.9 0.32 0.17 0.08 0.15 0.49 0.26 0.05 0.13
5 20-22 24 - 25 7.3 - 7.6 8.0 0.46 0.35 0.42 0.54 0.59 0.79 0.10 0.69
6 20-21 24 - 25 7.2 - 7.9 7.8 - 8.0 0.61 0.45 0.02 0.31 1.03 0.64 0.06 0.11
7 20-21 24 - 25 7.3 - 7.4 7.8 - 7.9 <0.01 <0.01 <0.01 <0.01 <0.01 1.73 <0.01 <0.01
8 20-21 25 7.4 - 7.6 7.9 - 8.0 0.33 0.23 0.03 0.07 0.18 0.36 <0.01 0.10
9 20 26 8.2 - 8.4 7.9 - 8.0 <0.01 <0.01 <0.01 0.02 <0.01 0.13 <0.01 0.04

10 20 25 - 26 7.3 - 7.7 8.0 - 8.1 0.37 0.32 0.09 0.05 0.15 0.09 <0.01 0.07
-

Leptocheirus plumulosus

0 19-20 20 7.8 - 7.9 7.8 - 7.9 1.21 1.07 0.27 0.44 0.50 0.11 0.52 0.37
1 21 19 20 7.4 - 7.5 7.9 - 8.0 1.99 1.86 0.38 1.85 0.38 0.47 0.59 0.46
2 21 19 - 20 7.4 - 7.5 7.9 - 8.0 1.85 1.65 0.40 0.55 0.55 0.17 0.61 0.44
3 20 20 - 21 7.6 - 7.9 7.9 3.32 2.70 0.52 0.84 0.73 0.61 0.61 0.64
4 20 20 - 21 7.2 - 7.5 7.8 - 8.0 2.03 1.73 0.03 0.07 0.18 <0.01 0.04 0.17
5 20 20 - 21 7.2 - 7.8 7.8 - 8.0 2.52 2.10 0.10 0.02 0.30 0.06 <0.01 0.07
6 20-21 20 - 21 7.0 - 7.5 7.7 - 8.0 2.52 2.25 <0.01 <0.01 0.10 <0.01 <0.01 <0.01
7 20 20 - 21 6.9 - 8.0 7.7 - 8.0 1.87 1.74 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
8 20 20 - 21 7.2 - 7.6 7.7 - 7.8 2.16 1.82 0.12 <0.01 0.14 <0.01 <0.01 <0.01
9 20 21 - 22 8.2 - 8.4 7.8 - 8.1 1.93 1.20 0.07 0.09 <0.01 <0.01 <0.01 <0.01

10 20 20 - 21 7.5 - 7.8 7.7 - 8.1 1.20 1.11 <0.01 0.02 <0.01 <0.01 <0.01 <0.01



 

 

Appendix E 
 

Matagorda Island National Wildlife Refuge Bird List 



Modified from URS, 2006 

A checklist of birds found in the  
Matagorda Island National Wildlife Refuge 

 
Abundance1 by Season Common Name 

Spring Summer Fall Winter 
LOONS     
 Common Loon U - U U 
      
GREBES     
 Least Grebe - - R R 
 Pied-billed Grebe C - C C 
 Horned Grebe - - - R 
 Eared Grebe U - C C 
      
TROPICBIRDS     
 White-tailed Tropicbird - - X - 
      
BOOBIES & PELICANS     
 Masked Booby - X - - 
 Northern Gannet X - - X 
 American White Pelican C R C C 
 Brown Pelican C C C U 
      
CORMORANTS     
 Double-crested Cormorant U I C C 
 Neotropic Cormorant R U R R 
      
DARTERS     
 Anhinga X - - - 
      
FRIGATEBIRDS     
 Magnificent Frigatebird R C U I 
      
BITTERNS & HERONS     
 American Bittern U R R U 
 Least Bittern I - - - 
     
BITTERNS & HERONS (cont.)     
 Great Blue Heron C C C C 
 Great Egret C C C C 
 Snowy Egret C C C C 
 Little Blue Heron C U C C 
 Tricolored Heron C C C C 
 Reddish Egret C C C C 
 Cattle Egret C C U R 
 Green-backed Heron U U U - 
 Black-crowned Night-Heron C C C C 



Modified from URS, 2006 

A checklist of birds found in the  
Matagorda Island National Wildlife Refuge 

 
Abundance1 by Season Common Name 

Spring Summer Fall Winter 
 Yellow-crowned Night-Heron U U U U 
      
IBISES & SPOONBILLS     
 White Ibis C C C C 
 White-faced Ibis U R U U 
 Roseate Spoonbill C C C C 
      
STORKS     
 Wood Stork R C R - 
      
DUCKS & GEESE     
 Fulvous Whistling Duck X - - - 
 Black-bellied Whistling Duck R - R R 
 Greater White-fronted Goose I - I I 
 Snow Goose U - U U 
 Canada Goose U - U U 
 Wood Duck I - I I 
 Green-winged Teal C - C C 
 Mottled Duck C C C C 
 Mallard R - R R 
 Northern Pintail C - C C 
 Blue-winged Teal U R U U 
 Cinnamon Teal R - - R 
 Northern Shoveler C - C C 
 Gadwall C - C C 
 American Wigeon C - C C 
 Canvasback R - R R 
 Redhead C R C C 
 Ring-necked Duck R - R R 
 Lesser Scaup C - C C 
 Surf Scoter I I I I 
 Common Goldeneye U - U U 
 Bufflehead C - C C 
 Hooded Merganser U - U U 
 Common Merganser - - - I 
 Red-breasted Merganser U - U U 
 Ruddy Duck U R U C 
 Masked Duck - - - X 
     
VULTURES     
 Black Vulture U U U R 
 Turkey Vulture C C C C 



Modified from URS, 2006 

A checklist of birds found in the  
Matagorda Island National Wildlife Refuge 

 
Abundance1 by Season Common Name 

Spring Summer Fall Winter 
      
KITES, HAWKS, EAGLES, OSPREYS     
 Osprey R R R R 
 American Swallow-tailed Kite X - - - 
 Black-shouldered Kite C C C C 
 Mississippi Kite R - R - 
 Northern Harrier C R C C 
 Sharp-shinned Hawk U - U U 
 Cooper's Hawk R - R - 
 Red-shouldered Hawk X - - - 
 Broad-winged Hawk U - U - 
 Swainson's Hawk I - I - 
 White-tailed Hawk U U U U 
 Red-tailed Hawk U U U U 
 Ferruginous Hawk X - - - 
 Rough-legged Hawk X - - X 
 Golden Eagle X - - - 
      
CARACARAS & FALCONS     
 Crested Caracara C C C C 
 American Kestrel C - C C 
 Merlin U - U U 
 Peregrine Falcon R I R R 
      
TURKEYS & QUAILS     
 Wild Turkey U U U U 
 Northern Bobwhite C C C C 
      
RAILS, GALLINULES & COOTS     
 Yellow Rail R - R R 
 Black Rail - - R R 
 Clapper Rail C C C C 
 King Rail X - X X 
 Virginia Rail I - I - 
 Sora R - R R 
 Purple Gallinule R R - R 
 Common Moorhen R R R R 
 American Coot C R C C 
      
CRANES     
 Sandhill Crane C - C C 
 Whooping Crane U - U U 



Modified from URS, 2006 

A checklist of birds found in the  
Matagorda Island National Wildlife Refuge 

 
Abundance1 by Season Common Name 

Spring Summer Fall Winter 
     
PLOVERS     
 Black-bellied Plover C R C C 
 Lesser Golden Plover R - - - 
 Snowy Plover U R U U 
 Wilson's Plover C C C U 
 Semipalmated Plover U U U U 
 Piping Plover U R U U 
 Killdeer C C C C 
      
OYSTERCATCHERS     
 American Oystercatcher U U U U 
      
STILTS & AVOCETS     
 Black-necked Stilt C C C - 
 American Avocet C U C C 
      
SANDPIPERS & PHALAROPES     
 Greater Yellowlegs C U C C 
 Lesser Yellowlegs C U C C 
 Solitary Sandpiper R - R - 
 Willet C C C C 
 Spotted Sandpiper R R U U 
 Upland Sandpiper U - R - 
 Whimbrel U - I R 
 Long-billed Curlew C U C C 
 Hudsonian Godwit I - - - 
 Marbled Godwit R R R R 
 Ruddy Turnstone C R C C 
 Red Knot R - R R 
 Sanderling C R C C 
 Semipalmated Sandpiper R - R - 
 Western Sandpiper C R C C 
 Least Sandpiper C R C C 
 White-rumped Sandpiper R - R - 
 Baird's Sandpiper R - R - 
 Pectoral Sandpiper U - U R 
 Dunlin C - C C 
 Stilt Sandpiper U - R R 
 Buff-breasted Sandpiper R - R - 
 Ruff X - - - 
 Short-billed Dowitcher U - U U 



Modified from URS, 2006 

A checklist of birds found in the  
Matagorda Island National Wildlife Refuge 

 
Abundance1 by Season Common Name 

Spring Summer Fall Winter 
 Long-billed Dowitcher C R C C 
 Common Snipe U - U U 
 Wilson's Phalarope C - - - 
 American Woodcock - - - X 
      
GULLS, TERNS & SKIMMERS     
 Pomarine - X - - 
 Laughing Gull C C C C 
 Franklin's Gull R - R R 
 Bonaparte's Gull R - R U 
 Ring-billed Gull C U C C 
 Herring Gull U U U U 
 Gull-billed Tern U U U - 
 Caspian Tern C C C C 
 Royal Tern C C C C 
 Sandwich Tern C C C U 
 Roseate Tern - X - - 
 Common Tern R - R R 
 Forster's Tern C C C C 
 Least Tern C C C - 
 Sooty Tern - X - - 
 Black Tern C C U - 
 Black Skimmer C C C C 
      
PIGEONS & DOVES     
 Rock Dove R R R R 
 Band-tailed Pigeon X - - - 
 White-winged Dove R - R U 
 Mourning Dove C C C C 
 Inca Dove R X R - 
 Common Ground-Dove R - R - 
      
CUCKOOS & ANIS     
 Black-billed Cuckoo X - - - 
 Yellow-billed Cuckoo U R U - 
 Groove-billed Ani R R R R 
      
BARN OWLS     
 Barn Owl U U U U 
      
TYPICAL OWLS     
 Eastern Screech-Owl - - - X 
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Abundance1 by Season Common Name 

Spring Summer Fall Winter 
 Great Horned Owl R R R R 
 Burrowing Owl R - R R 
 Barred Owl - X - - 
 Short-eared Owl U - U U 
      
GOATSUCKERS     
 Lesser Nighthawk X X - - 
 Common Nighthawk C C U - 
 Pauraque I I I - 
 Chuck-will's-widow R - R - 
GOATSUCKERS (cont.)     
 Whip-poor-will R - - - 
      
SWIFTS     
 Chimney Swift R - R - 
      
HUMMINGBIRDS     
 Buff-bellied Hummingbird - - I - 
 Ruby-throated Hummingbird U - U - 
 Black-chinned Hummingbird U - U - 
 Rufous Hummingbird R - R - 
 Allen's Hummingbird R - - - 
      
KINGFISHERS     
 Belted Kingfisher C R C C 
 Green Kingfisher - - X - 
      
WOODPECKERS     
 Red-headed Woodpecker I - I - 
 Yellow-bellied Sapsucker R - - - 
 Ladder-backed Woodpecker X - - - 
 Downy Woodpecker I - I - 
 Hairy Woodpecker I - - - 
 Northern Flicker R - R - 
      
TYRANT FLYCATCHERS     
 Olive-sided Flycatcher R - R - 
 Eastern Wood-Pewee U - R - 
 Yellow-bellied Flycatcher X - X - 
 Acadian Flycatcher R - R - 
 Willow Flycatcher X - - - 
 Least Flycatcher R - R - 



Modified from URS, 2006 
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Matagorda Island National Wildlife Refuge 

 
Abundance1 by Season Common Name 

Spring Summer Fall Winter 
 Eastern Phoebe R - R R 
 Say's Phoebe X - - - 
 Vermilion Flycatcher R R R - 
 Ash-throated Flycatcher R - R - 
 Great Crested Flycatcher R - R - 
 Brown-crested Flycatcher - - X X 
 Western Kingbird R - R - 
 Eastern Kingbird C C C - 
 Scissor-tailed Flycatcher C C U - 
      
LARKS     
 Horned Lark C C C C 
      
SWALLOWS     
 Purple Martin U U U - 
 Tree Swallow U U U - 
 Northern Rough-winged Swallow U U U - 
 Bank Swallow R - R - 
 Cliff Swallow U U U - 
 Cave Swallow R R R - 
 Barn Swallow C C C U 
      
JAYS & CROWS     
 Blue Jay I - I - 
 Chihuahuan Raven X - - - 
      
CREEPERS     
 Brown Creeper - - X - 
      
WRENS     
 Rock Wren I - I I 
 Carolina Wren R R R R 
 Bewick's Wren R R R R 
 House Wren R - U R 
 Winter Wren - - - X 
 Sedge Wren U - U U 
 Marsh Wren R - R R 
      
     
KINGLETS, GNATCATCHERS, THRUSHES     
 Golden-crowned Kinglet U - U U 
 Ruby-crowned Kinglet U - U U 
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 Blue-gray Gnatcatcher U - U - 
 Eastern Bluebird R - R - 
 Veery R - R - 
 Gray-cheeked Thrush R - R - 
 Swainson's Thrush R - R - 
 Hermit Thrush U - U - 
 Wood Thrush U - U - 
 American Robin U - U U 
      
MOCKINGBIRDS & THRASHERS     
 Gray Catbird U - U - 
 Northern Mockingbird C C C C 
 Brown Thrasher U - U R 
 Long-billed Thrasher R - R - 
 Curve-billed Thrasher R R R - 
      
PIPITS     
 American Pipit U - U U 
 Sprague's Pipit R - R R 
      
      
WAXWINGS     
 Cedar Waxwing U - U - 
      
SHRIKES     
 Loggerhead Shrike C C C C 
      
STARLINGS     
 European Starling U R U R 
      
VIREOS     
 White-eyed Vireo R - - - 
 Solitary Vireo R - - - 
 Yellow-throated Vireo R - - - 
 Warbling Vireo R - - - 
 Philadelphia Vireo R - R - 
 Red-eyed Vireo R - - - 
      
     
WOOD-WARBLERS     
 Blue-winged Warbler R - R - 
 Golden-winged Warbler R - - - 
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Spring Summer Fall Winter 
 Tennessee Warbler R - R - 
 Orange-crowned Warbler R - R - 
 Nashville Warbler R - R - 
 Northern Parula R - - - 
 Yellow Warbler R - R - 
 Chestnut-sided Warbler R - R - 
 Magnolia Warbler R - R - 
 Yellow-rumped Warbler R - U U 
 Black-throated Gray Warbler R - - - 
 Black-throated Green Warbler R - R - 
 Blackburnian Warbler R - - - 
 Cerulean Warbler R - R - 
 Yellow-throated Warbler R - R - 
 Palm Warbler R - R - 
 Bay-breasted Warbler R - R - 
 Blackpoll Warbler R - R - 
 Black-and-white Warbler U - U - 
 American Redstart U - U - 
 Prothonotary Warbler R - R - 
 Worm-eating Warbler R - R - 
 Swainson's Warbler R - - - 
 Ovenbird R - R - 
 Northern Waterthrush R - R - 
 Louisiana Waterthrush R - R - 
 Kentucky Warbler R - R - 
 Mourning Warbler R - R - 
 Common Yellowthroat R - R - 
 Hooded Warbler R - R - 
 Wilson's Warbler R - R - 
 Canada Warbler R - R - 
 Painted Redstart I - - - 
 Yellow-breasted Chat R - R - 
      
TANAGERS & GROSBEAKS     
 Summer Tanager U - U - 
 Scarlet Tanager U - U - 
 Western Tanager R - R - 
 Northern Cardinal U U U U 
 Pyrrhuloxia I I I I 
 Rose-breasted Grosbeak U - - - 
 Black-headed Grosbeak R - - - 
 Blue Grosbeak U - U - 
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 Indigo Bunting U - U - 
 Painted Bunting C C U - 
 Dickcissel C U U - 
      
SPARROWS & TOWHEES     
 Green-tailed Towhee - - X - 
 Rufous-sided Towhee I - I - 
 Cassin's Sparrow R - - - 
 Rufous-crowned Sparrow X - - - 
 Chipping Sparrow R - R R 
 Clay-colored Sparrow R - R R 
 Field Sparrow R - R R 
 Vesper Sparrow U - U U 
 Lark Sparrow U R U U 
 Lark Bunting R - R - 
 Savannah Sparrow C - C C 
 Grasshopper Sparrow R - - U 
 Henslow's Sparrow - - - R 
 Le Conte's Sparrow R - - R 
 Sharp-tailed Sparrow R - - R 
 Seaside Sparrow C C C U 
 Fox Sparrow - - - R 
 Song Sparrow R - R R 
 Lincoln's Sparrow R - R R 
 Swamp Sparrow R - R R 
 White-throated Sparrow R - R R 
 White-crowned Sparrow R - R R 
 Harris Sparrow I - I I 
 Dark-eyed Junco R - R R 
 Chestnut-collared Longspur X - - - 
      
BLACKBIRDS & ORIOLES     
 Bobolink R - R - 
 Red-winged Blackbird C C C C 
 Eastern Meadowlark C C C C 
 Western Meadowlark - - - I 
 Yellow-headed Blackbird R - R - 
 Brewer's Blackbird R - R - 
 Great-tailed Grackle U U - - 
 Boat-tailed Grackle U U U - 
 Common Grackle I - - I 
 Bronzed Cowbird I - - - 



Modified from URS, 2006 
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Spring Summer Fall Winter 
 Brown-headed Cowbird C C C C 
 Orchard Oriole U - U - 
 Northern Oriole U - U U 
      
FINCHES     
 American Goldfinch R - R R 
      
OLD WORLD FINCHES     
 House Sparrow R R R R 
      
1Abundance codes: C – common; U – uncommon; R – rare; I – irregular, not seen every year; and X – recorded, 
accidental or status uncertain. 

Source: FWS (1992), on the internet: http://www.npwrc.usgs.gov/resource/othrdata/chekbird/r2/matagora.htm 
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Production Rate
Dredge CY/day Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
Clamshell 8,694,000 14,000 621
Hopper 3,204,000 18,000 178
Hydraulic 1 (30") 17,301,000 28,086 616
Hydraulic 2 (30") 17,301,000 28,086 616
Total 46,500,000

Table 1. Project Dredge Schedule and Dredge Production Rates
MSCIP

Total Days of 
Operation

Total Volume 
Dredged

2008 2009
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Equipment Type Quantity
Rated 

Horsepower (hp)
% Load

Vehicle 
No.

Fuel Type hrs/day
total days of 

operation

total hrs of 
operation per 

piece of 
equipment

Fuel 
Consumption 

Factor 
(g/kW-hr)

PM10 NOx CO SO2 VOC PM10 NOx CO SO2 VOC PM10 NOx CO SO2 VOC

Initial Dredge

30" Hydraulic Dredge 2 13,200 60% 2 diesel 20 616 12,320 229.3 0.2678 10.7196 1.3963 0.2721 0.1435 0.0004 0.0176 0.0023 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

10.5600 464.6400 60.7200 10.5600 5.2800

Hopper Dredge 1 18,000 60% 1 diesel 20 178 3,560 229.3 0.2678 10.7196 1.3963 0.2721 0.1435 0.0004 0.0176 0.0023 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

7.2000 316.8000 41.4000 7.2000 3.6000

Clamshell 1 2,340 60% 1 diesel 20 621 12,420 229.3 0.2678 10.7196 1.3963 0.2721 0.1435 0.0004 0.0176 0.0023 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

0.9360 41.1840 5.3820 0.9360 0.4680

Support Equipment

Booster Pump Barge 2 5,400 60% 2 diesel 20 616 12,320 229.3 0.2678 10.7196 1.3963 0.2721 0.1435 0.0004 0.0176 0.0023 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

4.3200 190.0800 24.8400 4.3200 2.1600

Dredge Tender Barge 4 150 80% 4 diesel 12 616 7,392 223.4 0.2633 10.6250 1.0473 0.2651 0.0932 0.0004 0.0175 0.0017 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

0.2400 10.5000 1.0200 0.2400 0.1200

Tug for Supply Barge 2 1,000 80% 2 diesel 12 72 864 223.4 0.2633 10.6250 1.0473 0.2651 0.0932 0.0004 0.0175 0.0017 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

0.8000 35.0000 3.4000 0.8000 0.4000

Tug for Hydraulic Dredge 2 850 80% 2 diesel 12 616 7,392 223.4 0.2633 10.6250 1.0473 0.2651 0.0932 0.0004 0.0175 0.0017 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

0.6800 29.7500 2.8900 0.6800 0.3400

Tug for Dump Scowl 1 3,500 80% 1 diesel 12 621 7,452 223.4 0.2633 10.6250 1.0473 0.2651 0.0932 0.0004 0.0175 0.0017 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

1.4000 61.2500 5.9500 1.4000 0.7000

Work Boat 2 350 80% 2 diesel 10 616 6,160 223.4 0.2633 10.6250 1.0473 0.2651 0.0932 0.0004 0.0175 0.0017 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

0.2800 12.2500 1.1900 0.2800 0.1400

Survey Boat 2 350 80% 2 diesel 2 616 1,232 223.4 0.2633 10.6250 1.0473 0.2651 0.0932 0.0004 0.0175 0.0017 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

0.2800 12.2500 1.1900 0.2800 0.1400

Crew Boat 2 350 80% 2 diesel 2 616 1,232 223.4 0.2633 10.6250 1.0473 0.2651 0.0932 0.0004 0.0175 0.0017 0.0004 0.0002

EPA 
Guidance 
for Marine 
Vessels

0.2800 12.2500 1.1900 0.2800 0.1400

Generator 2 7 2 diesel 24 616 14,784 0.0014 0.0160 0.0100 0.0004 0.0025
Nonroad 

2005
0.0188 0.2147 0.1342 0.0054 0.0336

Welding Machine 2 10 2 diesel 10 616 6,160 0.0022 0.0310 0.0067 0.0021 0.0025 AP-42 3.3-1 0.0440 0.6200 0.1336 0.0410 0.0494

Air Compressor 2 55 2 diesel 10 616 6,160 0.0008 0.0120 0.0058 0.0004 0.0013
Nonroad 

2005
0.0880 1.3200 0.6380 0.0440 0.1430

Total Total 27.1268 1,188.1087 150.0778 27.0664 13.7140
                                                                                                                                                                                                                                                                                                                                                                                                                            

Notes: 1.  Hopper dredge is scheduled to operate during last half of Year 2009.
2.  The two hydraulic dredges will be pumping dredge material into marsh and/or upland sites.
3.  The hopper dredge will be placing dredge material into an open bay disposal site.
4.  Each hydraulic dredge will have a one booster pump.
5.  The hydraulic and hopper dredges will be able to pump continuously.
6.  All equipment info based on experience from past projects  
7.  VOC emissions are actually TOC for AP-42 3.3-1, 3.4-1, and Marine Vessel study emission factors.
8.  Sulfur content of diesel fuel was assumed to be 0.05%.
9.  The following assumptions were made to determine the total dredging duration:

Hydraulic Dredge Estimated Production Rate = 28,086 CY/DAY
Hopper Dredge Design Production Rate = 18,000 CY/DAY

Clamshell Design Production Rate = 14,000 CY/DAY
Total volume to be dredged = 46,500,000 CY

Total Project Duration = 730.00 DAYS
2.00 YEARS
24.0 MONTHS

Table 2. Dredging Equipment Hours of Operation and Emission Factors
MSCIP

Emission 
Factor 
Source

Emission Rates
(lb/hr)Emission Factors (g/kW-hr) Emission Factors (lb/hp-hr)
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Equipment Type PM10 NOx CO SO2 VOC PM10 NOx CO SO2 VOC PM10 NOx CO SO2 VOC
Initial Dredge
30" Hydraulic Dredge 65.05 2,862.18 374.04 65.05 32.52 32.53 1,431.09 187.02 32.53 16.26 32.53 1,431.09 187.02 32.53 16.26
Hopper Dredge 12.82 563.90 73.69 12.82 6.41 0.00 0.00 0.00 0.00 0.00 6.41 281.95 36.85 6.41 3.21
Clamshell 5.81 255.75 33.42 5.81 2.91 3.41 150.32 19.64 3.41 1.71 2.40 105.43 13.78 2.40 1.20
Support Equipment
Booster Pump Barge 26.61 1,170.89 153.01 26.61 13.31 13.31 585.45 76.51 13.31 6.66 13.31 585.45 76.51 13.31 6.66
Dredge Tender Barge 0.89 38.81 3.77 0.89 0.44 0.45 19.41 1.89 0.45 0.22 0.45 19.41 1.89 0.45 0.22
Tug for Supply Barge 0.35 15.12 1.47 0.35 0.17 0.18 7.56 0.74 0.18 0.09 0.18 7.56 0.74 0.18 0.09
Tug  2.51 109.96 10.68 2.51 1.26 1.26 54.98 5.34 1.26 0.63 1.26 54.98 5.34 1.26 0.63
Tug for Dump Scowl 5.22 228.22 22.17 5.22 2.61 3.07 134.14 13.03 3.07 1.53 2.15 94.08 9.14 2.15 1.08
Work Boat 65.00 37.73 3.67 0.86 0.43 32.50 18.87 1.84 0.43 0.22 32.50 18.87 1.84 0.43 0.22
Survey Boat 0.17 7.55 0.73 0.17 0.09 0.09 3.78 0.37 0.09 0.05 0.09 3.78 0.37 0.09 0.05
Crew Boat 0.17 7.55 0.73 0.17 0.09 0.09 3.78 0.37 0.09 0.05 0.09 3.78 0.37 0.09 0.05
Generator 0.14 1.59 0.99 0.04 0.25 0.07 0.80 0.50 0.02 0.13 0.07 0.80 0.50 0.02 0.13
Welding Machine 0.14 1.91 0.41 0.13 0.15 0.07 0.96 0.21 0.07 0.08 0.07 0.96 0.21 0.07 0.08
Air Compressor 0.27 4.07 1.97 0.14 0.44 0.14 2.04 0.99 0.07 0.22 0.14 2.04 0.99 0.07 0.22
Total 185.15 5,305.23 680.75 120.77 61.08 87.13 2,413.14 308.41 54.94 27.82 91.61 2,610.14 335.50 59.42 30.06

           
Notes: 1.  Hopper dredge is scheduled to operate during last half of Year 2009.

2.  The two hydraulic dredges will be pumping dredge material into marsh and/or upland sites.
3.  The hopper dredge will be placing dredge material into an open bay disposal site.
4.  Each hydraulic dredge will have a one booster pump.
5.  The hydraulic and hopper dredges will be able to pump continuously.
6.  All equipment info based on experience from past projects
7.  VOC emissions are actually TOC for AP-42 3.3-1, 3.4-1, and Marine Vessel study emission factors.
8.  Sulfur content of diesel fuel was assumed to be 0.05%.
9.  The following assumptions were made to determine the total dredging duration:

Hydraulic Dredge Estimated Production Rate = 28,086 CY/DAY
Hopper Dredge Design Production Rate = 18,000 CY/DAY

Clamshell Design Production Rate = 14,000 CY/DAY
Total volume to be dredged = 46,500,000 CY

Total Project Duration = 730.00 DAYS
2.00 YEARS
24.0 MONTHS

Total 2009 Annual Emission Rates
(tpy)

Total Project Emission Rates
(tons)

Total 2008 Annual Emission Rates
(tpy)

Table 3. Total Dredging Emission Rates
MSCIP

Job No. 441652.00 Draft 11/21/2006



Equipment Horsepower VOC CO NOx PM10 SO2* PM10 NOx CO SO2 VOC

Light 
Commercial 
Generator Set

0-11 1.137588 4.538341 7.276719 0.64375 0.17985 0.001419 0.016042 0.010005 0.000397 0.002508

Light 
Commercial Air 
Compressors

50-100 0.597276 2.628996 5.444011 0.378817 0.180354 0.000835 0.012002 0.005796 0.000398 0.001317

Crawler Dozer 175-300 0.307648 1.199711 4.103186 0.192271 0.164218 0.000424 0.009046 0.002645 0.000362 0.000678
Excavator 175-300 0.295888 1.156416 3.916725 0.184368 0.164229 0.000406 0.008635 0.002549 0.000362 0.000652
Off highway 
trucks 175-300 0.272482 1.14 3.458938 0.171907 0.16425 0.000379 0.007626 0.002513 0.000362 0.000601

Light Plant 300-600 0.488767 1.589197 5.794782 0.252004 0.162275 0.000556 0.012775 0.003504 0.000358 0.001078
Crane 300-600 0.331692 1.400512 5.508035 0.180725 0.162422 0.000398 0.012143 0.003088 0.000358 0.000731
Off highway 
trucks 300-600 0.192897 1.423267 3.814717 0.154325 0.164325 0.00034 0.00841 0.003138 0.000362 0.000425

Source: NONROAD 2005

Emission Factor (g/hp-hr) Emission Factor (lb/hp-hr)

Table 4. NONROAD Diesel Engine Emission Factors for Year 2008
MSCIP
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Portable Equipment Exhaust total annual

Equipment Qty. Rated hp Load Factor PM10 NOx CO SO2 VOC
hours per 

week total weeks
hours 

operated
hours 

operated PM10 NOx CO SO2 VOC PM10 NOx CO SO2 VOC

Cat D6 LPG Dozers 3 225 0.59 0.17 3.60 1.05 0.14 0.27 70 104 7280 3640 0.61 13.11 3.83 0.52 0.98 0.31 6.56 1.92 0.26 0.49
Hydraulic Excavator 3 250 0.59 0.18 3.82 1.13 0.16 0.29 70 104 7280 3640 0.65 13.91 4.11 0.58 1.05 0.33 6.95 2.05 0.29 0.53
200 ton Crane - Dragline 2 550 0.43 0.19 5.74 1.46 0.17 0.35 70 104 7280 3640 0.69 20.91 5.32 0.62 1.26 0.34 10.45 2.66 0.31 0.63
Spill Barge/Crane 2 416 0.43 0.14 4.34 1.10 0.13 0.26 168 104 17472 8736 1.25 37.95 9.65 1.12 2.29 0.62 18.98 4.82 0.56 1.14
Cat 325 Marshbuggy 2 250 0.59 0.11 2.25 0.74 0.11 0.18 70 104 7280 3640 0.41 8.19 2.70 0.39 0.65 0.20 4.09 1.35 0.19 0.32
Generator 2 7 0.43 0.01 0.10 0.06 0.002 0.015 70 104 7280 3640 0.03 0.35 0.22 0.01 0.05 0.02 0.18 0.11 0.004 0.03
Mules 2 50 0.59 0.02 0.45 0.15 0.02 0.04 70 104 7280 3640 0.08 1.64 0.54 0.08 0.13 0.04 0.82 0.27 0.04 0.06
Air Compressor 2 55 0.43 0.04 0.57 0.27 0.02 0.06 70 104 7280 3640 0.14 2.07 1.00 0.07 0.23 0.07 1.03 0.50 0.03 0.11
Dump Truck - 20 yard 4 430 0.59 0.35 8.53 3.18 0.37 0.43 70 104 7280 3640 1.26 31.07 11.59 1.34 1.57 0.63 15.53 5.80 0.67 0.79
Light Plant 4 300 0.43 0.29 6.59 1.81 0.18 0.56 84 104 8736 4368 1.25 28.79 7.90 0.81 2.43 0.63 14.40 3.95 0.40 1.21

Totals 6.37 157.99 46.86 5.54 10.64 3.19 78.99 23.42 2.77 5.32
 

Notes:
1.  Emissions (lb/hr) = Quantity x Rated hp x Load Factor x Emission Factor (lb/hp-hr)
2.  Sulfur content of diesel fuel was assumed to be 0.05%.
3.  Load Fractors from Appendix A of Median Life Annual Activity, and Load Factor Values for Nonroad Engine Emissions Modeling, EPA Office of Air and Radiation Report Number NR-005c, April 2004.

Table 5. Placement Area Construction Emissions
MSCIP

Annual Emission Rates (ton/yr)Emissions (lb/hr) Operation Total Project Emissions (tons)
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EPA
County Type of Vehicle Category CO NOX PM2.5 PM10 SO2 VOC

Vans LDGV 9.8347 0.6598 0.0115 0.0250 0.0075 0.9830
Calhoun/Jackson Cars LDGV 9.8347 0.6598 0.0115 0.0250 0.0075 0.9830

Pickups LDGT1 11.3802 0.6580 0.0118 0.0254 0.0096 1.0569
Vans LDGV 9.8140 0.6761 0.0115 0.0250 0.0075 1.0024

Matagorda Cars LDGV 9.8140 0.6761 0.0115 0.0250 0.0075 1.0024
Pickups LDGT1 11.3693 0.6748 0.0118 0.0254 0.0096 1.0736

Table 6. Emission Factors - Mobile Sources
MSCIP

Emisson Factor (g/mile)

Notes:
1.  LDGV = light duty gasoline-fueled vehicles designated for transport of up to 12 people
     LDGT1 = light duty gasoline-fueled trucks with a gross vehicle weight (GVW) rating of 6000 pounds or less
2.  Emission factors are from MOBILE6 run using Statewide PM1 and PM2 input files, which can be found on the TCEQ 
     FTP site: ftp://ftp.tnrcc.state.tx.us/pub/OEPAA/TAD/Modeling/Mobile_EI/Statewide/m62/2007.
3.  Emission factors for Matagorda County were used to estimate NOx and VOC emissions since they are slightly higher
     than the emission factors for Calhoun/Jackson County. Emission factors for Calhoun/Jackson County were used to 
     estimate CO emissions since they are slightly higher than the emission factors for Matagorda County.
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Employee Information Quantity Trips/month
Dredge and Support Crew
Leverman 6 2
Dredge Tender Operator 2 2
First Assistant Engineer 2 2
Second Assistant Engineer 3 2
Third Assistant Engineer 2 2
Deckhand 10 2
Shoreman 4 2
Fireman 3 2
Mechanic 3 2
Oiler 3 2
First Cook 2 2
Second Cook 2 2
Mess Person 2 2
Janitor-Cabin Person 2 2
Crewboat Operator 3 2
Tug Boat Operator 2 2
Radio/Lookout 3 2
Truck Driver 1 30
Welder 3 30
Dozer Operator 3 30
Marshbuggy Operator 3 30
Marshbuggy Oiler 2 30
Management Staff
Surveyor 3 30
Engineer 2 30
QA/QC Manager 2 15
Superintendent 1 15
Safety 2 15
Constr. Oversite Personnel 3 15

Notes:
1.  The dredge crew usually live and work from the dredge for a couple of weeks at a time.  
     Therefore, the number of trips were estimated taking this into account.  
2.  The estimates are for all 4 dredges, assuming that the 2 hydraulic dredges will be dumping
      into marsh areas or other BUS and the hopper dumping offshore or open bay.
3.  A trip is to and from the work site.

Table 7. Number of Commuters and Trips
MSCIP
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Table 8. Total Commuter Vehicle Emissions

Daily Travel Total

EPA Vehicles Total Days Travel
Type of Vehicle Category (/day) (VMT/day) (days) (VMT) CO NOx PM2.5 PM10 SO2 VOC CO NOx PM2.5 PM10 SO2 VOC

Vans LDGV 5 50.0 48 12,000 0.1301 0.0089 0.00015 0.00033 0.00010 0.0133 0.07 0.004 0.0001 0.0002 0.00005 0.007
Cars LDGV 8 50.0 720 288,000 3.1221 0.2146 0.00365 0.00794 0.00238 0.3182 1.56 0.107 0.0018 0.0040 0.0012 0.159

Pickups LDGT1 17 50.0 360 306,000 3.8386 0.2276 0.00398 0.00857 0.00324 0.3621 1.92 0.114 0.0020 0.0043 0.0016 0.181
7.0908 0.4512 0.0078 0.0168 0.0057 0.6936 3.55 0.226 0.0039 0.0084 0.0029 0.347

Annual Commuter Vehicle Emissions (tpy)Total Project Commuter Vehicle Emissions (tpy)

MSCIP

Notes:
1.  Total VMT is assumed to be 50 miles/day round trip.
2.  Total travel = Daily vehicles * Total VMT * Travel days.
3.  Project emissions = Emission factor * Total travel * 1lb/453.6 grams * 1ton/2000lb
4.  Annual emissions = Project Emissions / Project Duration in years
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PM10 NOx CO SO2 VOC
Maintenance Dredging 
by One Hydraulic 
Dredge

9.17 403.57 52.74 9.17 4.59

Maintenance Dredging 
by One Hopper Dredge

1.09 47.87 6.26 1.09 0.54

Placement Area 
Construction

1.57 38.57 11.44 1.35 2.60

TOTAL 11.83 490.01 70.44 11.61 7.73

Notes:
1. The following assumptions were made in calculating total maintenance dredging emissions per cycle:

Lavaca Bay and Matagorda Bay Maintenance Dredging
New Work Volume Dredged by One Hydraulic Dredge = 17,301,000 CY

Maintenance Volume to be Dredged per yr, 2-year cycle = 4,878,900 CY
 Maintenance-to-New Work Ratio (Hydraulic) = 0.2820

Offshore Maintenance Dredging
New Work Volume Dredged by One Hopper Dredge = 3,204,000 CY

Maintenance Volume to be Dredged per yr, 4-year cycle = 272,000 CY
 Maintenance-to-New Work Ratio (Hopper) = 0.0849

Total Maintenance Dredging
Total Maintenance Volume to be Dredged per year = 5,150,900 CY

Maintenance Dredging Duration
Hydraulic Dredge Production Rate = 30,000 CY/day

Hopper Dredge Production Rate = 18,000 CY/day
2-year Maintenance Dredging Days per year = 163 days
4-year Maintenance Dredging Days per year = 15 days

Total Maintenance Dredging Days per year = 178 days
25 weeks

Table 9. Total Maintenance Dredge Emissions
MSCIP

Total Maintenance Dredging Emissions (tons per year)
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Portable Equipment Exhaust total annual

Equipment Qty.
Rated 

hp
Load 

Factor PM10 NOx CO SO2 VOC
hours per 

week
total 

weeks
hours 

operated
hours 

operated PM10 NOx CO SO2 VOC

Cat D6 LPG Dozers 3 225 0.59 0.169 3.603 1.053 0.144 0.270 70 25 1777 1777 0.15 3.20 0.94 0.13 0.24
Hydraulic Excavator 3 250 0.59 0.180 3.821 1.128 0.160 0.289 70 25 1777 1777 0.16 3.40 1.00 0.14 0.26
200 ton Crane - Dragline 2 550 0.43 0.188 5.744 1.460 0.169 0.346 70 25 1777 1777 0.17 5.10 1.30 0.15 0.31
Spill Barge/Crane 2 416 0.43 0.143 4.344 1.105 0.128 0.262 168 25 4266 4266 0.30 9.27 2.36 0.27 0.56
Cat 325 Marshbuggy 2 250 0.59 0.112 2.250 0.741 0.107 0.177 70 25 1777 1777 0.10 2.00 0.66 0.09 0.16
Generator 2 7 0.43 0.009 0.097 0.060 0.002 0.015 70 25 1777 1777 0.01 0.09 0.05 0.002 0.01
Mules 2 50 0.59 0.022 0.450 0.148 0.021 0.035 70 25 1777 1777 0.02 0.40 0.13 0.02 0.03
Air Compressor 2 55 0.43 0.040 0.568 0.274 0.019 0.062 70 25 1777 1777 0.04 0.50 0.24 0.02 0.06
Dump Truck - 20 yard 4 430 0.59 0.345 8.534 3.184 0.368 0.432 70 25 1777 1777 0.31 7.58 2.83 0.33 0.38
Light Plant 4 300 0.43 0.287 6.592 1.808 0.185 0.556 84 25 2133 2133 0.31 7.03 1.93 0.20 0.59

Totals 1.57 38.57 11.44 1.35 2.60
Notes:
1.  Emissions (lb/hr) = Quantity x Rated hp x Load Factor x Emission Factor (lb/hp-hr)
2.  Sulfur content of diesel fuel was assumed to be 0.05%.
3.  Load Fractors from Appendix A of Median Life Annual Activity, and Load Factor Values for Nonroad Engine Emissions Modeling, EPA Office of Air and Radiation Report Number NR-005c, April 2004.

Table 10. Placement Area Construction - Maintenance Emissions
MSCIP

Emissions (lb/hr) Operation Annual Emission Rates (tons/yr)
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M E M O R A N D U M 

  
DATE: October 4, 2006   

TO: Mark Mazoch, P.E., URS   

FROM: Larry Wise   

COPIES:     

SUBJECT: Matagorda Navigation Channel – Shoreline Impact Analysis      

This technical memorandum (TM) summarizes the shoreline impact analysis for the 
proposed improvements of the Matagorda Ship Channel.  This TM is intended to be a 
supporting document of the Environmental Impact Statement.  The purpose of this 
memorandum is to document existing and proposed wave climate with respect to erosion 
potential in the vicinity of the Matagorda Ship Channel.  A separate TM will document 
shoreline stabilizations design criteria and proposed stabilization.  Hydrodynamic model 
has been developed to assess salinity changes.  The changing current velocities near the 
shoreline are minimal and are not expected to change erosion patterns.   

1.0 BACKGROUND  

The existing Matagorda Ship Channel connects Port Lavaca and Point Comfort to the 
Intracoastal Waterway and Gulf of Mexico through Matagorda and Lavaca Bays (Figure 
1).  The channel is used by deep draft navigation vessels and barge traffic.  In order to 
accommodate larger draft vessels, the feasibility of deepening and widening the 
navigation channel is currently being evaluated.   

2.0 OBJECTIVES   

The specific objectives of this assessment are to:  

 

Quantify the relative significance of the existing wave climate and resulting 
erosion potential associated with existing channel configuration and vessel traffic.    

 

Quantify the relative significance of the potential increase in wave climate and 
resulting erosion potential associated with channel modifications and larger vessel 
traffic.   
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3.0 HISTORICAL SHORELINE CHANGE & COASTAL PROCESSES  

Shoreline change along the Matagorda Bay and Lavaca Bay is a function of local geology 
and sediment characteristics, influx of sediment and the forces the shoreline is exposed 
to.   

The shoreline along Matagorda Bay and Lavaca Bay is characterized by Pleistocene 
uplands underlain by fluvial-deltaic and strand plain deposits.  Adjacent to the Matagorda 
navigation channel, much of the shoreline is characterized by cliffs with Pleistocene 
deposits exposed in the swash zone; the shoreline from Powderhorn Lake to Magnolia 
Beach is terrigenous sand beach.  Sediment varies from clayey sand and mud with shell 
hash to fine sand.  The bluffs typically range from 4 to 5 ft in height, with the highest 
approximately 20 ft above the bay level.  (McGowen and Brewton, 1975)  

Forces that affect the coastal processes include:  

 

Wind 

 

Wind generated waves 

 

Sea level rise 

 

Tide induced current velocity 

 

Hurricanes & extreme events 

 

Wakes & pressure field drawdown created by passing vessels   

Based on the work by McGowen and Brewton (1975), the following observations are 
noted regarding erosion:  

 

The western shoreline of Matagorda and Lavaca Bays is predominantly eroding. 

 

During the period from 1946 to 1972 the rates of shoreline recession was 
estimated to range from -1 to -32 ft per year.  

 

Highest erosion rates were estimated to correspond to locations with the highest 
bluffs backing the shoreline, located north of the Port O’Connor cross-section 
(Figure 1).  

 

North of Gallinipper Point, along Alamo Beach the rate of recession was 
estimated to be -2 to -7 ft per year at representative cross-sections. 

 

Erosion was predominantly attributed to wind generated waves. 

 

Along Sand Point the net littoral drift is west; the shoreline has historically been 
eroding  

4.0 WIND WAVES    

A summary of local wind climate from 1999 – 2004 based on the meteorological station 
at Port O’Connor is presented in Figure 2.  Predominant winds are from the south-
southeast at less than 20 knots, the maximum recorded wind speed was less than 30 
knots.  Tropical storms are relatively infrequent, with a reoccurrence interval of several 
years.  The region is influenced by continental patterns, such as strong cold front 
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passages during winter months, and maritime weather patterns, such as sea breeze fronts 
and associated thunderstorms during the summer months. 
Wind records for the period from 1999 – 2004 were used to hindcast wave data at four 
sites adjacent to the Matagorda Ship Channel, located at Port O’Connor, Magnolia 
Beach, Alamo Beach and Sandy Point (Figure 3).  Automated Coastal Engineering 
Software (ACES) application and the Coastal Engineering Manual (CEM) methods were 
employed to estimate wave height for restricted fetches.  Wave height is estimated as a 
function of the observed wind velocity, fetch length, and duration using empirical 
methods.   

The ACES methods for estimating wave height are based on the following:  

 

Energy from the presence of other wave trains is neglected 

 

Relatively constant wind speed and direction prevail and will result in wave 
heights that are constant through time but will vary along fetch  

 

Fixed value of drag 

 

Duration for fetch limited growth to occur was derived assuming a JONSWAP 
spectrum 

 

Observed wind speeds are corrected for height of observation to 32.8 ft ( from 82 
ft) and also for limited fetch (less than 10 miles) following the guidelines in the 
ACES Manual 
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Figure 1: Location Map 
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Joint Frequency Distribution
For Raw Data File P:\5508GC~1\METOCE~1\kts.csv
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Figure 2: Wind Rose for Port O’Connor 1999-2004  
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Figure 3: Cross Section Location - Plan View
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Wave heights were estimated based on the observed wind speeds for the upper bound of 
each velocity bin.  For example, the maximum recorded wind speed was assumed to be 
20 knots blowing from the east; for this wind at Port O’Connor the estimated resulting 
wave height Hs = 2.78 ft  and corresponding period Tp = 3.7 s.  Table 1 summarizes the 
wave heights hindcast for each of the four sites.  

Table 1:  Wave Hindcast for 1999-2004 

Percent Occurrence 

Hs (ft) 
Port 
O’Connor

 

Sand 
Point 

Magnolia 
Beach 

Alamo 
Beach 

Calm, not recorded 42.7 32.8 56.6 63.6 

<0.98 14.8 18.0 9.4 14.5 

0.98 - 1.31 16.2 12.5 11.5 0.4 

1.31 - 1.64 1.2 5.1 0.0 17.6 

1.64 - 1.97 10.6 18.2 7.9 0.1 

1.97 - 2.3 10.5 12.2 12.0 2.3 

2.3 - 2.62 2.0 0.6 1.6 1.5 

2.62 - 2.95 1.9 0.6 0.9 0.0 

2.95 - 3.28  0.01 0.0 0.04 0.0 

>3.28 0.04 0.0 0.01 0.0 

 

Based on the above analysis, there is estimated to be less than a 2 percent probability for 
wave height to be greater than or equal to 2.62 ft, at any of the sites.  Similarly, the wave 
height corresponding to a cumulative probability of 95% is less than 2.3 ft.  

In addition to the monitoring data made available for the Port O’Connor site, wave data 
was collected for the period from 9/13/05 to 12/5/05.  The data was collected for 
hydrodynamic model calibration.  During this period two storms occurred with measured 
wind speeds near 30 knots.  The gage is sited in deep water within Matagorda Bay 
(Figure 3).  During the data collection period, the peak significant wave heights were 
recorded on October 24 and November 17, 2005.  Table 2 identifies sample statistics for 
a six hour duration specified.  These results are in good agreement with the ACES 
derived wave heights for the same fetch length and wind speed.    

Table 2: Mean Statistics for Field Measured Wave Heights  

Date Time Hs (ft)

 

Tp (s) 
V 
(knots) Direction

 

10/24/2005

 

12- 6 am 2.9 3.8 29 30 

11/17/2005

 

5-10 am 2.9 3.6 28 360 
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5.0  VESSEL GENERATED WAVES  

Large vessels in the Matagorda channel may produce both: (a) primary wave that is a 
result of displacement in a confined channel as well as (b) wake or secondary wave, 
which is commonly observed for all passing vessels.  

The following paragraphs, adapted from several sources including Permanent 
International Association of Navigation Congresses (PIANC) (1987), Sorensen (1997), 
and Schiereck (2004), describe the characteristics of ship-generated effects in confined 
channels.  

5.1 Primary Wave (Drawdown)  

From a hydrodynamic point of view, flow near a moving ship is similar to flow around a 
fixed body such as bridge abutment.  As the ship moves along the channel, there is water 
flow past the vessel hull opposite the direction of travel, known as the return current.  
The velocity head of the water flowing past the vessel causes the water level along the 
vessel’s length to fall to maintain the total head constant.  The water level around the 
vessel is thus lowered.  This water level depression is also referred to as the primary 
wave (Figure 4).  

The transition between the undisturbed water level in front of the vessel and the water 
level depression take the form of sloping water surface referred to as the front wave.  
The water surface immediately ahead of the vessel is elevated by the approaching ship 
and so the total height of the front wave is slightly greater than the water level depression  

The transversal stern wave is the transition between the water level depression and the 
normal water level behind the ship.  

The combination of water level depression, front wave and transversal stern wave will 
hereafter be referred to as drawdown.  Drawdown behaves like long solitary wave with a 
length similar to that of the ship.  Therefore, drawdown is generally not easily observed 
in the field, other than in the case of relatively large vessels sailing in confined channels.  
Drawdown does not typically “break” at the shoreline.  It is more like a tidal “pulse”, 
slowly rising and falling as the vessel passes.  

5.1.1 Estimate of Drawdown   

For purposes of this investigation, it is conservatively assumed that ships passing along 
the Matagorda Ship Channel will produce a drawdown.  Field investigations would be 
required to verify the wave parameters at a specific site that result from passing vessels.    
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Figure 4: Components of Ship Induced Water Motions (from PIANC (1987))   
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The theoretical effects of a ship transiting a narrow channel can be derived from the 
Bernoulli equation (Schiereck, 2001).  The drawdown (z) and return current (ur) are 
defined as follows:  
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Where: 
h = Channel Depth 
As = Cross Sectional Area of Ship 
Ac = Cross Sectional Area of Channel  

The height of the stern wave is estimated as 1.5z.    

Design calculations of primary and secondary waves are performed for three scenarios 
defined as follows:  

 

Scenario 1 – Existing Vessel in Existing Ship Channel  

 

Scenario 2 – Existing Vessel in Proposed Ship Channel  

 

Scenario 3 – Proposed LNG Vessel in Proposed Ship Channel  

Dimensions of the existing and proposed channel are identified in table 3.  Please refer to 
the body of the Environmental Impact Statement (EIS) for illustrations of the existing and 
proposed cross-sections.   

Table 3:  Channel Dimensions 

Parameter Existing Proposed 

Base Width 200 ft 400 ft 
Depth 36 ft MLT 44 ft MLT 

Side slope (H:V) 3:1 3:1 

 

A large draft, post panamax design vessel is assumed to be representative of existing 
vessel traffic (identified in Table 4).  Dimensions of the proposed LNG vessel are also 
identified in Table 4.    

Table 4: Vessel Carrier Characteristics 

Parameter Existing Vessel Proposed LNG 
Vessel 

Length 650 ft 1132 ft 
Beam 106 ft 180 ft 

Draft (loaded) 35 ft 40 ft 
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The drawdown is primarily a function of the blockage ratio (As/Ac) and velocity of the 
ship (vs).   

Theoretically, if the channel were fully confined with a 3:1 side slope the existing 
blockage ratio (As/Ac) would be 0.33.  However, the depth adjacent to the channel is 
approximately 10 ft.  For this analysis, a blockage ratio of 0.10 is assumed to be 
representative an existing vessel operating in the existing channel, baseline conditions.  

Table 5 summarizes the design estimated drawdown for the three scenarios. 
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Table 5: Estimated Drawdown 
Scenario 1 Scenario 2 Scenario 3 

Site Location 
Vessel Speed 

(knots) Drawdown 
(ft) 

Zmax 
Stern 

Wave (ft) 

Return 
Current 

(ft/s) 

Drawdown 
(ft) 

Zmax Stern 
Wave (ft) 

Return 
Current 

(ft/s) 

Drawdown 
(ft) 

Zmax 
Stern 

Wave (ft) 

Return 
Current 

(ft/s) 

Alamo Beach 8 1.18 1.74 2.53 0.59 0.92 1.38 1.54 2.30 3.28 

Magnolia Beach 8 1.18 1.74 2.53 0.59 0.92 1.38 1.54 2.30 3.28 

Port O’Connor 8 1.18 1.74 2.53 0.59 0.92 1.38 1.54 2.30 3.28 

Sandy Point 8 1.18 1.74 2.53 0.59 0.92 1.38 1.54 2.30 3.28 
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By comparing the estimated drawdown for Scenario 1 to that of Scenario 2, it is seen that 
there will be a reduction of wave height produced by existing vessels passing through the 
proposed channel.  For example, at Alamo Beach within the existing channel (As/Ac = 
0.10) the maximum drawdown is estimated to 1.7 ft; whereas within the proposed 
channel (As/Ac = 0.07) the maximum drawdown projected for an existing vessel is 0.9 ft.  

A comparison of the estimated drawdown for Scenario 1 to Scenario 3, illustrates that the 
potential maximum drawdown and return currents for proposed LNG vessels traveling 
through the proposed channel (Scenario 3) is greater than the theoretical drawdown for 
existing vessel traffic traveling through the existing channel (Scenario 1).  For example, 
at Alamo Beach within the existing channel the estimated maximum drawdown is 
estimated to 1.7 ft (As/Ac = 0.10); whereas within the proposed channel (As/Ac = 0.13) the 
maximum drawdown projected for an LNG vessel is 2.3 ft.  

5.2 Secondary Wave (Wake)  

When responding to the sharp rise and fall in the water surface at the bow and the stern, 
inertia causes the water surface to lag behind its equilibrium position and produces a 
surface oscillation.  This, in turn, produces the pattern of free surface waves generally 
called secondary waves that propagate from the vessel (Figure 5).    

 

Figure 5: Pattern of Secondary Waves.   

The pattern spreads out from the vessel with decreasing wave amplitudes due to 
diffraction.  The pattern consists of symmetrical sets of diverging waves that move 
obliquely out from the sailing line and a single set of transverse waves that move in the 
direction of the sailing line.  The transverse and diverging waves meet to form cusps, also 
called interference peaks, located along a pair of lines that form an angle of 
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approximately 19.5 degrees with the sailing line.  The highest waves in the pattern are 
found along this cusp locus line.   

A similar pattern of waves, but typically with much lower amplitudes, is generated at the 
vessel stern and superimposed on the pattern generated out from the bow.  These 
secondary waves are the ones that are generally visible in the field and even on aerial 
photographs.   

Secondary waves are always “short” and behave like “normal” waves, which means that 
the general linear wave theory relations for wavelength, celerity etc. are valid.  They also 
break as they approach the bank shoreline and breaking type (i.e., spilling, plunging, or 
surging) is dictated by the same slope and wavelength relationship as other “normal” 
waves.  

5.2.1 Estimate of Secondary Wave Height  

Numerous analytical and empirical formulations of ship-generated secondary waves exist 
based on theoretical, laboratory and field investigations.  Models generally include 
equations for the prediction of ship waves as a function of vessel speed, distance from the 
sailing line, water depth, and simplified hull characteristics.   

For this study the PIANC (1987) formulation is applied.  This method includes one hull 
shape coefficient and relies on reasonable upper limit values founded in experimental 
data (Schiereck, 2004).  The following equation is used to estimate secondary waves 
(interference peaks) generated by vessels.  

H= a1{S/h}-0.33 Fh
4  

Fh = Froude number   Fh = Vs/(gh)0.5  

S = distance between the ship’s side and the point of interest 
a 1= coefficient depending on vessel type 
h= channel depth 
Vs= Vessel Speed  

For a given vessel size and shape, maximum water level depression and corresponding 
wave heights increase with increasing Froude number.  The Froude number increases 
with increasing vessel speed but decreases with increasing channel depth.  Based on work 
by Schiereck (2004), an a 1 value of 1.2 is a reasonable upper limit of the available 
experimental data and is assumed to apply to the existing conditions.   

Based on prior investigations, the influence that ship geometry has on wake height is 
driven by the shape of the bow.  Unlike primary waves, the blockage ratio has limited 
effect on the wake size.  Given that dimensions of the vessel will not have a significant 
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affect on wake height, the projected wake height for Scenarios 2 & 3 are anticipated to be 
comparable.    

Table 6 summarizes the estimated secondary wave height, at a distance of 328ft (100m) 
from the channel centerline and as it approaches the shoreline.   

Based on prior research, the wake height is anticipated to decay at a rate proportional to 
1/3 of the power of the distance from the vessel (Schiereck, 2004).  For example at Port 
O’Connor the wake height is estimated to be 1.25 ft at distance of 328 ft (100 m) from 
the channel centerline; as the wave approaches the shoreline, it is estimated to decay to a 
height of 0.43 ft.  

Table 6:  Estimated Secondary Wave Height 

Scenario 1 Scenarios 2 & 3 

Wake Height 
(ft) 

Wave 
Period

 

Wake Height 
(ft) 

Wave 
Period

 

Location 

Max 
Vessel 
Speed 1 

(knots) 

S2  
(ft) 

328 ft shore (s) 328 ft shore (s) 

Alamo 
Beach 

8 5051 0.52 0.21 2.15 0.46 0.18 2.2 

Magnolia 
Beach 

8 5543 0.52 0.20 2.15 0.46 0.18 2.2 

Port 
O’Connor 

8 8125 0.52 0.18 2.15 0.46 0.16 2.2 

Sandy Point 8 8200 0.52 0.18 2.15 0.46 0.16 2.2 

 

1 Vessel speed is as identified or the limit speed (vL).   
2 S is distance measured from the channel centerline to the shoreline.  

  

As identified in Table 6, there will be less a 10 % change in projected vessel wake height.  
Increasing the depth of the channel is projected to result in a minor reduction of wave 
energy from passing vessel wakes.  For example at Magnolia Beach, the estimated wake 
height for a vessel at 8 knots in the existing channel is 0.52 ft (at a distance of 328ft), 
whereas in the proposed channel the projected secondary wave height is 0.46 ft.    
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6.0 COMPARISON OF WIND WAVES AND SHIP GENERATE WAVES  

Sediment transport potential is a function of wave energy.  An estimate of the relative 
wave energy produced by wind and vessels is made to illustrate the relative magnitude of 
the respective forces.  Actual cross-shore and long-shore erosion potential will vary 
significantly based on wave period, bathymetry and sediment characteristics.  

Energy density and relative energy are estimated as follows:  

Energy Density, E = 1/8 gHs
2 Tp  

= density of water (kg/m3) 
g = acceleration due to gravity (m/s2) 
Hs = significant wave height (m) 
Tp = wave period (s)  

Relative Energy = 
n

i 1

(Ei  x (frequencyHs,Tp)) 

The annual relative energy is a function of the wave period (duration), frequency and 
magnitude of the waves.  Several assumptions are required in order to estimate the 
relative energy for vessel and wind generated waves:   

 

Primary and secondary wave magnitude and duration are as identified in Tables 5 
and 6 

 

Secondary wave train group is comprised of 15 waves (based on measurements 
for similar vessels) 

 

Conservatively, maximum wave period of primary wave is 80 s, total duration of 
passing wave is 240s (based on primary wave measured at similar site) 

 

Projected LNG vessel transits (combined inbound and outbound traffic) - 
240/year total existing large vessel traffic 718 transits  (Waterborne Commerce, 
2003) frequency of wind waves as identified in Table 1.  

Tables 8, 9 and 10 summarize the estimated relative annual wave energy for wind and 
vessel waves for existing and proposed conditions.  Incrementally the relative wave 
energy from wind waves is approximated to comprise from approximately 97% to 99% 
of the total wave energy based on the existing ship channel and traffic.  The planned ship 
channel is projected to result in either no significant change or a reduction in the wave 
energy attributable to vessel traffic.    
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Table 8: Annual Cumulative Relative Energy of Wind and Generated Waves  
Annual Relative Energy (J-hr/m2) 

  
Port 
O’Connor Sand Point 

Magnolia 
Beach 

Alamo 
Beach 

Wind waves 1,370,000 1,550,000 1,160,000 630,000

 
Existing Commercial Traffic- Existing 
Channel 16,846 16,846 16,846 16,846 

Planned Future Traffic - Proposed Channel 14,584 14,584 14,584 14,584 

 

Table 9: Relative Energy of Wind and Wave Generated Waves (Percent of Total 
Relative Energy) – Existing Conditions 

 Annual Relative Energy (Percent of Total) 

  

Port 
O’Connor 

Sand 
Point 

Magnolia 
Beach 

Alamo 
Beach 

Wind waves 99% 99% 99% 97% 

Existing Large Commercial Traffic 1% 1% 1% 3% 

 

Table 10: Relative Energy of Wind and Wave Generated Waves (Percent of Total 
Relative Energy) – Proposed Conditions 

 Annual Relative Energy (Percent of Total) 

  

Port 
O’Connor 

Sand 
Point 

Magnolia 
Beach 

Alamo 
Beach 

Wind waves 99% 99% 99% 98% 

Planned Future Traffic - Proposed Channel 1% 1% 1% 2% 

  

7.0 SUMMARY  

Based on the preliminary assessment of wave energy at the shoreline adjacent to the 
Matagorda Ship channel, the following conclusions are made:  

Existing wave climate and resulting erosion potential are dominated by wind waves.  The 
relative wave energy from wind waves is estimated to comprise 97% to 99% of the total 
wave energy.  Only approximately 1 to 3% of the total wave energy is from the existing 
ship traffic.    

Deepening and widening the navigation channel will result in a reduction in primary 
wave (drawdown) and secondary wave (wake) heights for existing vessels.   

A proposed LNG vessel passing through the modified channel will result in a greater 
drawdown than an existing vessel passing through the existing channel at a comparable 
vessel speed.    
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Increasing the depth of the channel is projected to result in a reduction of wave energy 
from passing vessel wakes.  A proposed LNG vessel passing through the modified 
channel will result in a smaller wake than an existing vessel passing through the existing 
channel.  

Under future ship channel configuration and vessel traffic, there is anticipated to be either 
no significant change or a reduction in the total wave energy and erosion potential 
attributable to vessel traffic.    
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Habitat Equivalency Analysis for Bay/Offshore Bottom Impacts 
Calhoun County Navigation District (CCND) is proposing to improve the Matagorda Ship 
Channel (MSC) from its facilities in upper Lavaca Bay to the Terminus in the Gulf of 
Mexico (Figure 1) as well as construct a new turning basin to accommodate the larger 
vessels, which would use the improved channel.  The project extends approximately 27 
miles from the Port of Port Lavaca – Point Comfort turning basin in Lavaca Bay (channel 
Station 118+502) through the southwest section of Matagorda Bay and offshore into the 
Gulf of Mexico (channel Station –23+000), in Matagorda and Calhoun Counties, Texas. 

Open bay bottom in Matagorda Bay, Lavaca Bay, and in offshore areas would be 
affected by the dredging of the channel, and as a result of actions required for the 
Dredged Material Management Plan (DMMP) for the Matagorda Ship Channel 
Improvement Project (MSCIP). The use of a Habitat Equivalency Analysis (HEA) is 
proposed to quantify the amount of habitat functional value associated with bay bottom 
that would be lost under the proposed project alternatives, or as a result of the no-action 
alternative. The HEA would also be used to ensure that with the proposed mitigation 
sites and beneficial use areas created for the DMMP there would be no net loss of 
habitat functional values over the 50-year planning period.  

For the MSCIP, the HEA is used to assess the proposed mitigation only for impacts to 
bay bottom as a result of the ship channel widening and the placement of new work and 
maintenance materials from the channel over a 50-year planning period. Standard 
mitigation ratios will be used for impacts to oyster reef and marsh. There are no 
established mitigation ratios for impacts to open bay bottom, but the HEA analysis will be 
used to determine the appropriate amounts of mitigation for the effects of the proposed 
project on this habitat. In-kind mitigation would not be a reasonable practice for open bay 
bottom impacts because the creation of open bay bottom would require a loss of either 
terrestrial habitat, or more productive aquatic habitat such as marsh, oyster reef, or 
seagrass bed.  

The HEA model compares the total value of the losses to the habitat functional value of 
the area being analyzed to the total value of the functional values provided by mitigation 
and beneficial use sites. This process is used to ensure that the benefits provided by a 
project replace the losses in functional value. As the model has been applied in the 
Natural Resource Damage Assessment (NRDA) process, the enhancement of bay 
bottom through the creation of marsh, oyster reef, or sand platforms is not assessed as 
causing damage to the bay bottom at the enhancement sites. At enhancement sites the 
bay bottom function is not lost, it is augmented by the creation of habitats that provide 
additional functional values. 

The HEA model will be used to compare functional values among varying aquatic habitat 
types. The model accounts for the timing of proposed actions, ie. whether they occur at 
the beginning of the project, or a number of years in the future. This ability to compare 
many habitats over time allows complex alternatives to be analyzed for which standard 
mitigation ratios could not be applied (NOAA 2000). The HEA model is typically used for 
NRDA; however, a HEA has been used to determine the amount of mitigation required 
for a dredging project that was studied by the U.S. Army Corps of Engineers (Miami 
Harbor GRR Study 2004). 

The HEA model requires a set of values that allow functional values to be compared 
among habitats. The model also requires an established value for created habitats 



Matagorda Ship Channel Improvement Project 
Habitat Equivalency Analysis for Bay/Offshore Bottom Impacts 

2 

relative to their natural counterparts, and must account for the rate at which created 
habitats mature to reach their maximum functional value. These relative values and 
maturity rates will vary in different regions, so local values must be established. 

A HEA model was used to assess the mitigation requirements for the Alcoa/Lavaca Bay 
Superfund Site. Relative habitat functional values were established for marsh, open bay 
bottom, and oyster reef in Lavaca Bay for the Superfund Site. The relative values were 
obtained by surveying a group of experts familiar with Texas marshes and estuaries. 
The experts were instructed to consider primary production, secondary production, 
benefits to fish and decapods, organic detritus production, and decomposition and 
remineralization when assigning values (Appendix B). The values are given relative to 
the most productive habitat type, which in for the Lavaca Bay system is marsh (Table 1). 
For the MSCIP HEA the mean of the values for marsh, open bay bottom, and oyster reef 
provided by the group of experts for the Lavaca Bay Superfund Site are used.  

For the analysis of the MSCIP, habitats must be considered that were not part of the 
Lavaca Bay Superfund Site. For the additional habitats relative habitat functional values 
were proposed based on the best professional judgment of the Resource Agency 
Working Group. The Working Group includes members from the National Marine 
Fisheries Service, US Fish and Wildlife Service, Environmental Protection Agency, US 
Army Corps of Engineers, Texas Parks and Wildlife, Texas General Land Office, and 
Texas Council on Environmental Quality. The Working Group also proposed maturation 
rates and maximum functional values for created habitats based on experience and 
values provided in recent literature. Table 2 summarizes the relative habitat functional 
values, maturation rates, and maximum values of created habitats relative to natural 
ones proposed for the HEA. The process used to establish each of these values and 
other inputs used in the HEA model are described in subsequent sections. 

 

Table 1. Relative habitat functional values provided for Lavaca Bay Superfund site. 

 Rozas Minello Sheridan Webb Quast  Average 

Open bay bottom 0.23 0.27 0.22 0.16 0.07  0.19 

Oyster reef 0.64 0.44 0.54 0.26 --  0.47 

Marsh 1.00 1.00 1.00 1.00 1.00  1.00 
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Table 2. Relative habitat functional values, maximum value of created areas compared to natural ones, number of years 
required to reach maturity, and type of recovery curve for each habitat type used in the MSCIP HEA. 

  Marsh Oyster reef 

Shallow sandy 

platforms suitable for 

seagrass 

colonization 

Open bay 

bottom 

Ship channel 

bottom 

Offshore 

bottom Seagrass 

 

Relative habitat 

functional value 

 

 

1.00 

 

 

0.47 

 

 

0.24 

 

 

0.191 

 

 

0.00 

 

 

0.19 

 

 

1.00 

 

Maximum value of 

created habitat 

compared to natural 

 

50% 

 

95% 

 

100% 

 

100% 

 

na 

 

100% 

 

na 

 

Years to reach 

maturity 

 

8 

 

15 

 

1 

 

1 

 

na 

 

1 

 

na 

 

Recovery curve type 

0 value for 5 

years; then 

linear 

2 part linear; 

75% year 5, 

95% year 15 

Linear Linear na Linear na 

 

1: A value of 0.10 is used for open bay bottom contaminated with mercury 
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1.0 HEA Model Inputs by Habitat 

1.1 Marsh  

The same maximum relative functional value of marsh habitat is used for the MSCIP 
HEA as was used in the Lavaca Bay Superfund Site;1.00. Natural marshes had a value 
of 1.00, which was the standard for this analysis; all other habitats are assigned values 
relative to this habitat type (see Appendix B).  

Marshes do not begin to function in the bay system until they are tidally connected and 
vegetation has established. In sites filled with soft dredged materials the marsh is not 
connected to the bay until the dredged materials have settled. Experience in Galveston 
Bay (Beneficial Uses Group – Marsh Monitoring, Management, and Maintenance) has 
shown that soft dredged material will take approximately 5 years to settle. A 5-year 
period is proposed for the MSCIP HEA during which time the marsh provides no 
functional value. The 5-year period begins at completion of filling of the marsh and ends 
when the marsh is planted and connected to the surrounding bay.  

Research in Galveston Bay by Minello (2000) indicates that marshes constructed from 
dredged material reach their maximum nekton production level in less than 5 years, but 
that this level is less than natural marshes. Rather than age of the marsh, the maximum 
production of Texas salt marshes tends to correspond to the amount of edge (Whaley 
and Minello 2002). Based on this evidence from previous marsh restorations the 
Working Group proposed a maturation time of 3 years from the time the marsh is planted 
and connected to the surrounding bay until it reaches its maximum value. The Working 
Group proposed that the maximum functional value of created marshes should be 50% 
of the value of natural marshes (relative functional value of 0.50).  

1.2 Oyster Reef  

The same maximum relative functional value of oyster reef habitat is used for the MSCIP 
HEA as was used in the Lavaca Bay Superfund Site; 0.47. The functional value of 
created oyster reefs is generally assumed to be nearly equal to natural reefs. Experience 
in Galveston Bay oyster reef creation sites has indicated that if the reefs have an 
appropriate elevation, substrate, and orientation to currents they mature rapidly to a high 
level of function. In Galveston Bay, created oyster reefs produced oysters within two 
years of construction. However, a mature oyster reef is based on other factors as well; 
such as colonization by other organisms. Based on discussions in the Working Group, 
using the maturation rate used for the Lavaca Bay Superfund mitigation (2-part linear 
curve, reaching 75% of the natural value in 5 years and 95% in 15 years) was proposed. 

1.3 Open Bay Bottom  

The same maximum relative functional value of open bay bottom habitat is used for the 
MSCIP HEA as was used in the Lavaca Bay Superfund Site; 0.19. In both the no-action 
alternative and in varying amounts in the proposed alternatives, maintenance material 
will be placed on the bay bottom and the areas will be allowed to recover naturally. The 
structure and function of open bay bottom habitats have been shown to recover quickly 
to pre-disturbance levels (Ray and Clarke 1999). In the HEA model it is assumed that 
open bay bottom returns to its full functional level one year after placement of dredged 
material. The Working Group supported this assumption, and it was noted that in its 
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natural condition, the bay often has high levels of suspended solids – similar to 
conditions after open bay placement. 

1.4 Mercury-impacted Open Bay Bottom 

A relative functional value of 0.10 is assumed for mercury-impacted open bay bottom. 
The DMMP proposes to locate some of the placement areas on an area that have 
elevated mercury levels. This placement would provide a benefit to the bay through the 
burial of the mercury-impacted soil. To account for this in the HEA, the Working Group 
proposed assigning a value of 0.10 to mercury-impacted open bay bottom; half of the 
value of un-impacted bay bottom. A map of the mercury levels in Lavaca Bay was 
prepared by Ron Gouguet of NOAA. The map is based on an interpolation of mercury 
level data collected from a series of points in the bay. Any placement area or portion of a 
placement area located on bay bottom with estimated mercury levels greater than or 
equal to 0.5 mg/kg at any depth would be considered a mercury-impacted site and 
assigned a relative functional value of 0.10. 

1.5 Offshore Bottom 

A relative functional value of 0.19 is assumed for offshore bottom habitat. This value is 
equal to the value assigned to bay bottom habitat. These areas are deeper than bay 
bottom and receive less sunlight, so might be less productive. However, they might 
support greater diversity than bay areas. Since the DMMP would only impact these 
areas, not create them, a larger value would be more conservative, so a value equal to 
open bay bottom is assumed. It is also assumed that these areas would return to their 
maximum functional value in one year following dredged material placement, similarly to 
open bay bottom. 

1.6 Shallow Sandy Platforms Suitable for Seagrass Colonization  

The maximum relative functional value of created shallow sandy platforms suitable for 
seagrass colonization was discussed by the Working Group at the July 31, 2006 
meeting, and a value of 0.24 was proposed. The appropriate functional value for this 
habitat was suggested as being slightly greater than open bay bottom. The shallower 
water, different substrate, and potential for colonization by seagrass was seen as 
creating conditions more favorable to productivity. However, these sites will not be 
planted with seagrass, and no guarantees of their colonization will be made. The value 
given to the habitat of 0.24 [1.25*(the value of open bay bottom)] was seen as being an 
appropriate estimate of this increased potential for productivity. It is assumed that these 
areas would develop their maximum functional value in one year, similarly to open bay 
bottom. 

1.7 Ship Channel 

A relative habitat functional value of zero will be used for the bottom of the ship channel. 
These areas are in deep water, accumulate sediment, and are frequently disturbed by 
ships. The ship channels are also currently dredged every two years, and would be 
dredged regularly under the proposed alternatives. It is likely that they provide some 
function, but it is assumed that the function will be relatively small, as well as difficult to 
quantify. The assumed value of zero was acknowledged as being conservative at the 
July 31, 2006 Working Group meeting. 
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1.8 In-bay Upland Placement Areas  

In the DMMP all of the new work material and much of the maintenance material will be 
confined, rather than put into open bay placement. The construction of in-bay upland 
placement areas (islands) is proposed to contain a large quantity of the material. Since 
these areas are no longer aquatic habitat they have a functional value of 0.  
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2.0 HEA Model Inputs for Dredged Material Management Plan Actions 

2.1 Marsh Protection  

The proposed alternatives in the DMMP provide protection for existing marshes 
bordering Keller Bay and on Sand Point through the use of shoreline protection 
(breakwaters, revetments, bulkheads, or similar methods) or other means (such as 
islands).  Without protection, the marshes will eventually be lost due to shoreline erosion 
and an anticipated breach of the narrow peninsula (upland and marsh) separating Keller 
Bay from the larger Matagorda Bay (Figure 1 and Figure 4). If this peninsula is breached 
it is likely that the marshes behind it would be lost through modification of habitat, and 
directly through erosion.  

The direct loss of habitat from erosion could be estimated by carrying the historic erosion 
rate forward; however, this would not account for the synergistic effects on marsh habitat 
loss that would result from erosion and an alteration of the characteristics of the bay that 
would occur following a breach. In order to determine these losses a model was applied 
based on actual losses of marshes in neighboring Redfish Lake, which has already 
breached (Appendix A). Aerial photos from 1972 of Redfish Lake (Figure 2) and aerial 
photos from 2004 of Keller Bay (Figure 4) show that prior to its breach, Redfish Lake 
was physically similar to Keller Bay. Redfish Lake and Keller Bay are located 
approximately 3 miles apart, and both border Matagorda Bay. Both areas are shallow, 
protected bodies of water with lower-velocity currents than Matagorda Bay. The width of 
the upland and marsh separating Redfish Lake from Matagorda Bay in 1972 was similar 
to the corresponding area in Keller Bay in 2004 (Redfish Lake 1972 average width 865 
ft., minimum width 177 ft.; Keller Bay 2004 average width 1048 ft., minimum width 483 
ft.). Keller Bay and Redfish Lake also had similar biological communities prior to the 
breach at Redfish Lake. Both bodies of water had salt marshes along their edges and 
seagrass beds in their interiors. An unpaved gravel road runs the length of the peninsula 
separating Keller Bay from Matagorda Bay to provide access to equipment near Sand 
Point. Maintenance of this road could forestall a breach, and might have prevented a 
breach from already occurring. However, this road might not be maintained in the future, 
especially as it is further threatened by erosion, causing ever-increasing maintenance 
costs. Since this road cannot be depended upon to prevent a breach the analysis will 
proceed assuming the road will not be maintained. 

Based on an analysis of aerial photos, the peninsula separating Redfish Lake from 
Matagorda Bay breached in about 1986 (Appendix A); Figure 2 shows where the breach 
occurred. From 1995 to 2004 17% of the marsh was lost from Redfish Lake (from 178 to 
147 acres). In 2004 there were 488 acres of marsh on Keller Bay’s southern border. The 
use of the rate of marsh loss from Redfish Lake to model future loss at Keller Bay for the 
HEA is proposed. The marsh loss model uses a 17% loss within 9 years (2019) at a 
linear rate, and continued loss at the same rate (losing 1.92% of the area from 2004 per 
year) until the end of the 50-year planning period. Using this rate in Keller Bay the marsh 
habitat will decrease from 432 acres in 2010 to 26 acres in 2059. Since these areas are 
natural marshes, the relative habitat functional value used in the HEA analysis is 1.00. 
Shoreline protection would prevent this loss of marsh, so the HEA model is used to 
calculate the benefit in habitat function that would be provided if the marsh remained 
intact. 
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2.2 Seagrass Protection  

The shoreline protection built to protect natural marshes bordering Keller Bay and at 
Sand Point (See Section 3.1) will also provide protection for existing seagrass habitat. A 
breach of the peninsula separating Keller Bay from Matagorda Bay would change the 
hydrologic characteristics of Keller Bay, and would likely cause a loss of seagrass 
habitat. Similarly to the above model of marsh loss, a model of future seagrass loss in 
Keller Bay was constructed, based on actual seagrass losses in neighboring Redfish 
Lake, following a breach. 

In 1972 Redfish Lake had 591 acres of seagrass habitat, covering nearly the entire lake 
(Figure 2). Based on an analysis of aerial photos, the peninsula separating Redfish Lake 
from Matagorda Bay breached in about 1986 (Appendix A). For the model, it is assumed 
that no seagrass habitat was lost until the breach appeared between Redfish Lake and 
Matagorda Bay. By 1992, six years after the estimated date of the breach, 100% of the 
seagrass in Redfish Lake was lost (Figure 3). 

For the MSCIP HEA the use of the seagrass loss model from Redfish Lake to estimate 
future loss of seagrass habitat in Keller Bay is proposed to account for the value of 
shoreline protection. The road along the southern border of Keller Bay is currently 
preventing a breach from occurring. However, if a hurricane caused a storm surge that 
severely damaged the road, it is unlikely that it would be repaired. For the purposes of 
this model, it is assumed that a category 1 hurricane would cause a storm surge that 
would cause a breach of the peninsula. Data from NOAA shows that the recurrence 
period for a category 1 hurricane within 75 miles of Matagorda Bay is 9 years. The value 
assigned to shoreline protection for the HEA model is based on the probability of a 
hurricane causing a breach of the peninsula. This probability is calculated at 1 - 
<probability that a hurricane has not occurred in that year, or previously>, or 1 – (8/9) ^ 
<number of years since project completed>. For example, the probability that a 
hurricane has not occurred in the first 20 years is 1 – (8/9)20. The probability is then 
multiplied by the number of acres of seagrass, and by the relative habitat functional 
value of seagrass. At the August 17, 2006 meeting the Working Group proposed a value 
of 1.00 for natural seagrass habitat. The Group suggested that seagrass should have 
the same functional value as natural marsh, based on similar productivity between the 
two habitats (Minello et al. 2003). Using the model from Redfish Lake, all 250 acres of 
the seagrass in Keller Bay will be lost within 6 years of the breach. Since the rate of loss 
is not known, it is conservatively assumed that no loss occurs until the 6th year, when all 
seagrass is lost. To account for this 6-year period of loss, the HEA value used for any 
given year is the probability calculated for the year 6 years previous (for example, the 
value for 2026 is the probability from 2020, multiplied by acres of seagrass and relative 
habitat functional value).  Shoreline protection would prevent this loss of seagrass, so 
the HEA model is used to calculate the benefit in habitat function that would be provided 
if the seagrass habitat remained intact.  

2.3 Beach Nourishment  

The MSCIP DMMP proposes to use dredged sand to nourish beaches. This nourishment 
would be done in areas where beach has been lost due to erosion. Much of the sand will 
be placed below mean sea level, thus those areas will remain aquatic habitat. The areas 
that will be raised above sea level are areas that are being restored to habitat similar to 
their previous condition. For the HEA model it is assumed that beach nourishment and 
restoration will cause no harm to the bay and result in no significant loss of functional 



Matagorda Ship Channel Improvement Project 
Habitat Equivalency Analysis for Bay/Offshore Bottom Impacts 

9 

value. Therefore beach nourishment will not be recorded as a debit in the HEA. This 
accounting was proposed at the Working Group’s August 17, 2006 meeting. 

2.4 Unconfined Placement  

Some of the alternatives in the DMMP would continue some amount of unconfined 
placement in Matagorda Bay and/or offshore; all of the alternatives would eliminate the 
current practice of unconfined placement in Lavaca Bay. In the DMMP it is assumed that 
the current 2-year dredging cycle would be continued in the channel, resulting in 
unconfined placement in specified areas every 2 years. In the HEA model it is assumed 
that the functional value of areas where dredged material is placed would immediately 
become zero. Open bay bottoms recover quickly and within a year return their natural 
level of function (Ray and Clarke 1999). Therefore, in the HEA model the value of 
unconfined placement areas is 50% of natural function in dredging years and 100% in 
non-dredging years. With a 2-year cycle, the long-term average value of the placement 
areas is 75% of the natural value ([50% +100%] / 2). 
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3.0 HEA for Multi-Use Alternatives 

The DMMP Alternative Analysis identified Multi-Use Plans as having a lower cost and 
greater ecological value than the Gulf Unconfined Placement Plan, or the Upland 
Confined Placement Plan (URS 2006). Several configurations of the Multi-Use Plan 
have been developed. Alternatives 1A and 1B have no open bay placement of dredged 
material, and 2A and 2B have some unconfined open bay placement in Matagorda Bay. 
Alternatives 1A and 2A place material in onshore area P1, while 1B and 2B instead use 
in-bay upland site C2 (URS 2006).  

Table 3 shows the HEA value calculated for Keller Bay marsh and seagrass protection. 
The values in Table 3 are the same for each alternative. Tables 4, 5, 6, and 7 show the 
HEA values for each year for the placement areas in Alternatives 1A, 1B, 2A, and 2B. 
Alternatives 2A was shown to have the highest HEA value. Placement areas of the same 
type (ie. upland, marsh, etc.) where material begins to be placed in the same year are 
grouped together in columns.  
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Table 3. HEA values for marsh and seagrass protection in Keller Bay 
for all alternatives 

 Marsh Protection   
Seagrass 
Protection  

 Acres in 2004 488.32   Acres in 2004 250  

 
% decrease 
per year 1.92%   

Recurrence of 
hurricane 
(years) 9  

 Acres in 2010 432.07   

Years to lose 
100% of 
seagrass after 
breach 6  

  

Total 
discounted 
value 3976.19   

Total 
discounted 
value 3782.69   

Year Raw values 
Discounted 
values   

Probability 
hurricane has 
hit 

Raw 
values 

Discounted 
values 

2010 0.00 0.00   0.11 0 0
2011 8.30 8.05   0.21 0 0
2012 16.59 15.61   0.30 0 0
2013 24.89 22.71   0.38 0 0
2014 33.18 29.38   0.45 0 0
2015 41.48 35.62   0.51 0 0
2016 49.77 41.46   0.56 27.78 23.14
2017 58.07 46.92   0.61 52.47 42.39
2018 66.37 52.01   0.65 74.42 58.32
2019 74.66 56.76   0.69 93.93 71.41
2020 82.96 61.17   0.73 111.27 82.05
2021 91.25 65.27   0.76 126.68 90.62
2022 99.55 69.07   0.78 140.38 97.4
2023 107.84 72.58   0.81 152.56 102.68
2024 116.14 75.82   0.83 163.39 106.67
2025 124.43 78.80   0.85 173.01 109.56
2026 132.73 81.53   0.86 181.57 111.53
2027 141.03 84.03   0.88 189.17 112.71
2028 149.32 86.30   0.89 195.93 113.24
2029 157.62 88.36   0.91 201.94 113.21
2030 165.91 90.22   0.92 207.28 112.72
2031 174.21 91.89   0.93 212.02 111.84
2032 182.50 93.38   0.93 216.24 110.64
2033 190.80 94.70   0.94 219.99 109.18
2034 199.10 95.85   0.95 223.33 107.51
2035 207.39 96.85   0.95 226.29 105.67
2036 215.69 97.70   0.96 228.93 103.7
2037 223.98 98.41   0.96 231.27 101.61
2038 232.28 99.00   0.97 233.35 99.45
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Table 3. HEA values for marsh and seagrass protection in Keller Bay 
for all alternatives 

 Marsh Protection   
Seagrass 
Protection  

 Acres in 2004 488.32   Acres in 2004 250  

 
% decrease 
per year 1.92%   

Recurrence of 
hurricane 
(years) 9  

 Acres in 2010 432.07   

Years to lose 
100% of 
seagrass after 
breach 6  

  

Total 
discounted 
value 3976.19   

Total 
discounted 
value 3782.69   

Year Raw values 
Discounted 
values   

Probability 
hurricane has 
hit 

Raw 
values 

Discounted 
values 

2039 240.57 99.46   0.97 235.2 97.23
2040 248.87 99.80   0.97 236.84 94.98
2041 257.17 100.03   0.98 238.31 92.7
2042 265.46 100.16   0.98 239.61 90.4
2043 273.76 100.19   0.98 240.76 88.12
2044 282.05 100.13   0.98 241.79 85.84
2045 290.35 99.98   0.99 242.7 83.58
2046 298.64 99.76   0.99 243.51 81.34
2047 306.94 99.45   0.99 244.23 79.13
2048 315.24 99.07   0.99 244.87 76.96
2049 323.53 98.63   0.99 245.44 74.83
2050 331.83 98.13   0.99 245.95 72.73
2051 340.12 97.56   0.99 246.4 70.68
2052 348.42 96.94   0.99 246.8 68.67
2053 356.71 96.27   0.99 247.15 66.7
2054 365.01 95.56   1.00 247.47 64.79
2055 373.30 94.80   1.00 247.75 62.91
2056 381.60 94.00   1.00 248 61.09
2057 389.90 93.16   1.00 248.22 59.31
2058 398.19 92.29   1.00 248.42 57.57
2059 406.49 91.38   1.00 248.6 55.89
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Table 4 – HEA Inputs And Values For Alternative 1A 
 

  
ER2 = 167.8 acres; ER3 

161 
D 260; A1 530; G 24.6; 
H2 294; H4 59; A2 140 

A2 120; G 
320 H4 Offshore new work Offshore H4 H2 270; H4 273         

Action Impact area Create Impact area Create Create Create 
Impact 
area Create 

Impact 
area 

Unconfined 
placement 

Impact 
area Create 

Impact 
area Create         

Habitat Type 

Mercury 
contaminated 

bottom 
Levee/Upland 

Placement 
Open Bay 

Bottom 
Levee/Upland 

Placement Marsh 
Sand 

Platform 
Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Open Bay 
Bottom 

Levee/Upland 
Placement 

Open Bay 
Bottom 

Levee/Upland 
Placement         

Year 2010 2010 2010 2010 2014 2010 2010 2010 2011 2011 2013 2013 2035 2035         

Change in 
functional 

value 
compared 

to no action Acres 328.8 328.8 1307.6 1307.6 440 131 428.4 428.4 453 453 271 271 543 543         

862.15
Dredge Cycle 
(months)                   24                 

 

Number of years 
required to 
mature         3 1   1                     

 
Maximum 
recovery         50% 100%   100%                     

 

Note 

Contaminated 
sites   

New work 
upland 
placement 
sites   Marsh site 

Habitat 
area 

offshore 
new work 
placement 

accounting for 
offshore 
placement 
only one time - 
not really 
creating 
habitat 

offshore 
placement 
area                   

Discount 
rate 

Discounted total 
value -815.17 0.00 -6483.66 0.00 4511.20 780.79 -2124.20 2042.70 -2160.00 1620.00 -1193.67 0.00 -857.07 0.00         

3% 

Maximum 
functional value per 
year 31.28 0.00 248.75 0.00 440.00 31.15 81.50 81.50 86.18 86.18 51.55 0.00 103.30 0.00         

 Discounted values 1 2 3 4 5 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! 

stop open 
bay 
placement 

Ship 
channel 

Annual 
Difference 
No Action 
and 
Alternative 

Cumulative 
difference - 
no action 
and 
alternative 

 2010 -31.28 0.00 -248.75 0.00 0.00 0.00 -81.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 89.36 -174.45 -446.50 -446.50 
 2011 -30.34 0.00 -241.29 0.00 0.00 30.22 -79.05 79.05 -83.59 62.69 0.00 0.00 0.00 0.00 86.68 -169.21 -336.58 -783.08 
 2012 -29.43 0.00 -234.05 0.00 0.00 29.31 -76.68 76.68 -81.08 60.81 0.00 0.00 0.00 0.00 84.08 -164.14 -318.59 -1101.67 
 2013 -28.54 0.00 -227.03 0.00 0.00 28.43 -74.38 74.38 -78.65 58.99 -47.05 0.00 0.00 0.00 81.56 -159.21 -348.43 -1450.10 
 2014 -27.69 0.00 -220.22 0.00 0.00 27.58 -72.15 72.15 -76.29 57.22 -45.64 0.00 0.00 0.00 79.11 -154.44 -330.54 -1780.64 
 2015 -26.86 0.00 -213.61 0.00 62.97 26.75 -69.98 69.98 -74.00 55.50 -44.27 0.00 0.00 0.00 76.74 -149.80 -250.46 -2031.10 
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Table 4 – HEA Inputs And Values For Alternative 1A 
 

 2016 -26.05 0.00 -207.21 0.00 122.17 25.95 -67.89 67.89 -71.78 53.84 -42.94 0.00 0.00 0.00 74.44 -145.31 -174.88 -2205.98
 2017 -25.27 0.00 -200.99 0.00 177.76 25.17 -65.85 65.85 -69.63 52.22 -41.66 0.00 0.00 0.00 72.20 -140.95 -103.61 -2309.59
 2018 -24.51 0.00 -194.96 0.00 172.42 24.41 -63.87 63.87 -67.54 50.66 -40.41 0.00 0.00 0.00 70.04 -136.72 -93.94 -2403.53
 2019 -23.78 0.00 -189.11 0.00 167.25 23.68 -61.96 61.96 -65.51 49.14 -39.19 0.00 0.00 0.00 67.94 -132.62 -84.76 -2488.29
 2020 -23.06 0.00 -183.44 0.00 162.23 22.97 -60.10 60.10 -63.55 47.66 -38.02 0.00 0.00 0.00 65.90 -128.64 -76.05 -2564.34
 2021 -22.37 0.00 -177.93 0.00 157.37 22.28 -58.30 58.30 -61.64 46.23 -36.88 0.00 0.00 0.00 63.92 -124.78 -67.78 -2632.11
 2022 -21.70 0.00 -172.60 0.00 152.65 21.61 -56.55 56.55 -59.79 44.85 -35.77 0.00 0.00 0.00 62.00 -121.04 -59.94 -2692.05
 2023 -21.05 0.00 -167.42 0.00 148.07 20.97 -54.85 54.85 -58.00 43.50 -34.70 0.00 0.00 0.00 60.14 -117.41 -52.51 -2744.56
 2024 -20.42 0.00 -162.40 0.00 143.62 20.34 -53.20 53.20 -56.26 42.19 -33.66 0.00 0.00 0.00 58.34 -113.89 -45.47 -2790.03
 2025 -19.80 0.00 -157.52 0.00 139.32 19.73 -51.61 51.61 -54.57 40.93 -32.65 0.00 0.00 0.00 56.59 -110.47 -38.81 -2828.84
 2026 -19.21 0.00 -152.80 0.00 135.14 19.13 -50.06 50.06 -52.93 39.70 -31.67 0.00 0.00 0.00 54.89 -107.16 -32.51 -2861.35
 2027 -18.63 0.00 -148.21 0.00 131.08 18.56 -48.56 48.56 -51.35 38.51 -30.72 0.00 0.00 0.00 53.25 -103.94 -26.55 -2887.89
 2028 -18.08 0.00 -143.77 0.00 127.15 18.00 -47.10 47.10 -49.81 37.35 -29.80 0.00 0.00 0.00 51.65 -100.82 -20.92 -2908.81
 2029 -17.53 0.00 -139.46 0.00 123.33 17.46 -45.69 45.69 -48.31 36.23 -28.90 0.00 0.00 0.00 50.10 -97.80 -15.60 -2924.42
 2030 -17.01 0.00 -135.27 0.00 119.63 16.94 -44.32 44.32 -46.86 35.15 -28.03 0.00 0.00 0.00 48.60 -94.86 -10.59 -2935.00
 2031 -16.50 0.00 -131.21 0.00 116.05 16.43 -42.99 42.99 -45.46 34.09 -27.19 0.00 0.00 0.00 47.14 -92.02 -5.86 -2940.86
 2032 -16.00 0.00 -127.28 0.00 112.56 15.94 -41.70 41.70 -44.09 33.07 -26.38 0.00 0.00 0.00 45.72 -89.26 -1.40 -2942.26
 2033 -15.52 0.00 -123.46 0.00 109.19 15.46 -40.45 40.45 -42.77 32.08 -25.59 0.00 0.00 0.00 44.35 -86.58 2.80 -2939.45
 2034 -15.06 0.00 -119.75 0.00 105.91 15.00 -39.23 39.23 -41.49 31.12 -24.82 0.00 0.00 0.00 43.02 -83.98 6.74 -2932.71
 2035 -14.60 0.00 -116.16 0.00 102.73 14.55 -38.06 38.06 -40.24 30.18 -24.07 0.00 -48.24 0.00 41.73 -81.46 -37.79 -2970.50
 2036 -14.17 0.00 -112.68 0.00 99.65 14.11 -36.92 36.92 -39.04 29.28 -23.35 0.00 -46.79 0.00 40.48 -79.02 -32.86 -3003.36
 2037 -13.74 0.00 -109.30 0.00 96.66 13.69 -35.81 35.81 -37.86 28.40 -22.65 0.00 -45.39 0.00 39.26 -76.65 -28.20 -3031.57
 2038 -13.33 0.00 -106.02 0.00 93.76 13.28 -34.73 34.73 -36.73 27.55 -21.97 0.00 -44.03 0.00 38.09 -74.35 -23.78 -3055.35
 2039 -12.93 0.00 -102.84 0.00 90.95 12.88 -33.69 33.69 -35.63 26.72 -21.31 0.00 -42.70 0.00 36.94 -72.12 -19.61 -3074.96
 2040 -12.54 0.00 -99.75 0.00 88.22 12.49 -32.68 32.68 -34.56 25.92 -20.67 0.00 -41.42 0.00 35.84 -69.95 -15.66 -3090.62
 2041 -12.17 0.00 -96.76 0.00 85.57 12.12 -31.70 31.70 -33.52 25.14 -20.05 0.00 -40.18 0.00 34.76 -67.86 -11.94 -3102.56
 2042 -11.80 0.00 -93.86 0.00 83.01 11.75 -30.75 30.75 -32.52 24.39 -19.45 0.00 -38.98 0.00 33.72 -65.82 -8.42 -3110.97
 2043 -11.45 0.00 -91.04 0.00 80.52 11.40 -29.83 29.83 -31.54 23.65 -18.87 0.00 -37.81 0.00 32.71 -63.85 -5.10 -3116.07
 2044 -11.10 0.00 -88.31 0.00 78.10 11.06 -28.93 28.93 -30.59 22.95 -18.30 0.00 -36.67 0.00 31.73 -61.93 -1.97 -3118.03
 2045 -10.77 0.00 -85.66 0.00 75.76 10.73 -28.06 28.06 -29.68 22.26 -17.75 0.00 -35.57 0.00 30.77 -60.07 0.98 -3117.06
 2046 -10.45 0.00 -83.09 0.00 73.49 10.41 -27.22 27.22 -28.79 21.59 -17.22 0.00 -34.50 0.00 29.85 -58.27 3.76 -3113.30
 2047 -10.13 0.00 -80.60 0.00 71.28 10.09 -26.41 26.41 -27.92 20.94 -16.70 0.00 -33.47 0.00 28.95 -56.52 6.36 -3106.94
 2048 -9.83 0.00 -78.18 0.00 69.14 9.79 -25.61 25.61 -27.08 20.31 -16.20 0.00 -32.47 0.00 28.09 -54.83 8.80 -3098.13
 2049 -9.53 0.00 -75.83 0.00 67.07 9.50 -24.85 24.85 -26.27 19.70 -15.72 0.00 -31.49 0.00 27.24 -53.18 11.10 -3087.03
 2050 -9.25 0.00 -73.56 0.00 65.06 9.21 -24.10 24.10 -25.48 19.11 -15.25 0.00 -30.55 0.00 26.43 -51.59 13.26 -3073.77
 2051 -8.97 0.00 -71.35 0.00 63.11 8.94 -23.38 23.38 -24.72 18.54 -14.79 0.00 -29.63 0.00 25.63 -50.04 15.27 -3058.51
 2052 -8.70 0.00 -69.21 0.00 61.21 8.67 -22.68 22.68 -23.98 17.98 -14.34 0.00 -28.74 0.00 24.86 -48.54 17.15 -3041.36
 2053 -8.44 0.00 -67.14 0.00 59.38 8.41 -22.00 22.00 -23.26 17.44 -13.91 0.00 -27.88 0.00 24.12 -47.08 18.90 -3022.46
 2054 -8.19 0.00 -65.12 0.00 57.59 8.16 -21.34 21.34 -22.56 16.92 -13.50 0.00 -27.04 0.00 23.39 -45.67 20.54 -3001.92
 2055 -7.94 0.00 -63.17 0.00 55.87 7.91 -20.70 20.70 -21.88 16.41 -13.09 0.00 -26.23 0.00 22.69 -44.30 22.06 -2979.86
 2056 -7.70 0.00 -61.27 0.00 54.19 7.67 -20.07 20.07 -21.23 15.92 -12.70 0.00 -25.44 0.00 22.01 -42.97 23.47 -2956.38
 2057 -7.47 0.00 -59.44 0.00 52.56 7.44 -19.47 19.47 -20.59 15.44 -12.32 0.00 -24.68 0.00 21.35 -41.68 24.78 -2931.60
 2058 -7.25 0.00 -57.65 0.00 50.99 7.22 -18.89 18.89 -19.97 14.98 -11.95 0.00 -23.94 0.00 20.71 -40.43 25.99 -2905.61
 2059 -7.03 0.00 -55.92 0.00 49.46 7.00 -18.32 18.32 -19.37 14.53 -11.59 0.00 -23.22 0.00 20.09 -39.22 27.10 -2878.51
                                       
 Total Value -815.17 0.00 -6483.66 0.00 4511.20 780.79 -2124.20 2042.70 -2160.00 1620.00 -1193.67 0.00 -857.07 0.00 2329.23 -4546.89     
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Table 4 – HEA Inputs And Values For Alternative 1B 
 

  
ER2 = 167.8 acres; ER3 

161 

D 260; A1 530; G 24.6; H2 
294; H4 59; A2 140; C2 

446 
A2 120; G 

320 H4 Offshore new work Offshore H4 
H2 270; H4 273; C2 

440         

Action Impact area Create Impact area Create Create Create 
Impact 
area Create 

Impact 
area 

Unconfined 
placement 

Impact 
area Create Impact area Create         

Habitat Type 

Mercury 
contaminated 

bottom 
Levee/Upland 

Placement 
Open Bay 

Bottom 
Levee/Upland 

Placement Marsh 
Sand 

Platform 
Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Open Bay 
Bottom 

Levee/Upland 
Placement 

Open Bay 
Bottom 

Levee/Upland 
Placement         

Year 2010 2010 2010 2010 2014 2010 2010 2010 2011 2011 2013 2013 2035 2035         

Change in 
functional 

value 
compared to 

no action Acres 328.8 328.8 1753.6 1753.6 440 131 428.4 428.4 453 453 271 271 983 983         

-2043.81 
Dredge Cycle 
(months)                   24                 

 

Number of years 
required to 
mature         3 1   1                     

 
Maximum 
recovery         50% 100%   100%                     

 

Note 

Contaminated 
sites   

New work 
upland 
placement 
sites   Marsh site 

Habitat 
area 

offshore 
new work 
placement 

accounting for 
offshore 
placement only 
one time - not 
really creating 
habitat 

offshore 
placement 
area                   

Discount rate 
Discounted total 
value -815.17 0.00 -8695.13 0.00 4511.20 780.79 -2124.20 2042.70 -2160.00 1620.00 -1193.67 0.00 -1551.56 0.00         

3% 

Maximum 
functional value per 
year 31.28 0.00 333.60 0.00 440.00 31.15 81.50 81.50 86.18 86.18 51.55 0.00 187.00 0.00         

 Discounted values 1 2 3 4 5 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! 

stop open 
bay 
placement 

Ship 
channel 

Annual 
Difference 
No Action 
and 
Alternative 

Cumulative 
difference - 
no action and 
alternative 

 2010 -31.28 0.00 -333.60 0.00 0.00 0.00 -81.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 89.36 -174.45 -531.35 -531.35 
 2011 -30.34 0.00 -323.59 0.00 0.00 30.22 -79.05 79.05 -83.59 62.69 0.00 0.00 0.00 0.00 86.68 -169.21 -418.88 -950.23 
 2012 -29.43 0.00 -313.88 0.00 0.00 29.31 -76.68 76.68 -81.08 60.81 0.00 0.00 0.00 0.00 84.08 -164.14 -398.42 -1348.65 
 2013 -28.54 0.00 -304.47 0.00 0.00 28.43 -74.38 74.38 -78.65 58.99 -47.05 0.00 0.00 0.00 81.56 -159.21 -425.86 -1774.51 
 2014 -27.69 0.00 -295.33 0.00 0.00 27.58 -72.15 72.15 -76.29 57.22 -45.64 0.00 0.00 0.00 79.11 -154.44 -405.66 -2180.17 
 2015 -26.86 0.00 -286.47 0.00 62.97 26.75 -69.98 69.98 -74.00 55.50 -44.27 0.00 0.00 0.00 76.74 -149.80 -323.32 -2503.49 
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Table 4 – HEA Inputs And Values For Alternative 1B 
 

 2016 -26.05 0.00 -277.88 0.00 122.17 25.95 -67.89 67.89 -71.78 53.84 -42.94 0.00 0.00 0.00 74.44 -145.31 -245.55 -2749.04
 2017 -25.27 0.00 -269.54 0.00 177.76 25.17 -65.85 65.85 -69.63 52.22 -41.66 0.00 0.00 0.00 72.20 -140.95 -172.17 -2921.20
 2018 -24.51 0.00 -261.46 0.00 172.42 24.41 -63.87 63.87 -67.54 50.66 -40.41 0.00 0.00 0.00 70.04 -136.72 -160.44 -3081.65
 2019 -23.78 0.00 -253.61 0.00 167.25 23.68 -61.96 61.96 -65.51 49.14 -39.19 0.00 0.00 0.00 67.94 -132.62 -149.26 -3230.91
 2020 -23.06 0.00 -246.01 0.00 162.23 22.97 -60.10 60.10 -63.55 47.66 -38.02 0.00 0.00 0.00 65.90 -128.64 -138.61 -3369.52
 2021 -22.37 0.00 -238.62 0.00 157.37 22.28 -58.30 58.30 -61.64 46.23 -36.88 0.00 0.00 0.00 63.92 -124.78 -128.47 -3497.99
 2022 -21.70 0.00 -231.47 0.00 152.65 21.61 -56.55 56.55 -59.79 44.85 -35.77 0.00 0.00 0.00 62.00 -121.04 -118.81 -3616.80
 2023 -21.05 0.00 -224.52 0.00 148.07 20.97 -54.85 54.85 -58.00 43.50 -34.70 0.00 0.00 0.00 60.14 -117.41 -109.61 -3726.41
 2024 -20.42 0.00 -217.79 0.00 143.62 20.34 -53.20 53.20 -56.26 42.19 -33.66 0.00 0.00 0.00 58.34 -113.89 -100.86 -3827.27
 2025 -19.80 0.00 -211.25 0.00 139.32 19.73 -51.61 51.61 -54.57 40.93 -32.65 0.00 0.00 0.00 56.59 -110.47 -92.54 -3919.81
 2026 -19.21 0.00 -204.92 0.00 135.14 19.13 -50.06 50.06 -52.93 39.70 -31.67 0.00 0.00 0.00 54.89 -107.16 -84.62 -4004.43
 2027 -18.63 0.00 -198.77 0.00 131.08 18.56 -48.56 48.56 -51.35 38.51 -30.72 0.00 0.00 0.00 53.25 -103.94 -77.10 -4081.53
 2028 -18.08 0.00 -192.80 0.00 127.15 18.00 -47.10 47.10 -49.81 37.35 -29.80 0.00 0.00 0.00 51.65 -100.82 -69.96 -4151.49
 2029 -17.53 0.00 -187.02 0.00 123.33 17.46 -45.69 45.69 -48.31 36.23 -28.90 0.00 0.00 0.00 50.10 -97.80 -63.17 -4214.66
 2030 -17.01 0.00 -181.41 0.00 119.63 16.94 -44.32 44.32 -46.86 35.15 -28.03 0.00 0.00 0.00 48.60 -94.86 -56.73 -4271.38
 2031 -16.50 0.00 -175.97 0.00 116.05 16.43 -42.99 42.99 -45.46 34.09 -27.19 0.00 0.00 0.00 47.14 -92.02 -50.61 -4321.99
 2032 -16.00 0.00 -170.69 0.00 112.56 15.94 -41.70 41.70 -44.09 33.07 -26.38 0.00 0.00 0.00 45.72 -89.26 -44.81 -4366.80
 2033 -15.52 0.00 -165.57 0.00 109.19 15.46 -40.45 40.45 -42.77 32.08 -25.59 0.00 0.00 0.00 44.35 -86.58 -39.31 -4406.11
 2034 -15.06 0.00 -160.60 0.00 105.91 15.00 -39.23 39.23 -41.49 31.12 -24.82 0.00 0.00 0.00 43.02 -83.98 -34.10 -4440.21
 2035 -14.60 0.00 -155.78 0.00 102.73 14.55 -38.06 38.06 -40.24 30.18 -24.07 0.00 -87.33 0.00 41.73 -81.46 -116.50 -4556.71
 2036 -14.17 0.00 -151.11 0.00 99.65 14.11 -36.92 36.92 -39.04 29.28 -23.35 0.00 -84.71 0.00 40.48 -79.02 -109.21 -4665.92
 2037 -13.74 0.00 -146.58 0.00 96.66 13.69 -35.81 35.81 -37.86 28.40 -22.65 0.00 -82.16 0.00 39.26 -76.65 -102.26 -4768.18
 2038 -13.33 0.00 -142.18 0.00 93.76 13.28 -34.73 34.73 -36.73 27.55 -21.97 0.00 -79.70 0.00 38.09 -74.35 -95.62 -4863.80
 2039 -12.93 0.00 -137.91 0.00 90.95 12.88 -33.69 33.69 -35.63 26.72 -21.31 0.00 -77.31 0.00 36.94 -72.12 -89.29 -4953.09
 2040 -12.54 0.00 -133.78 0.00 88.22 12.49 -32.68 32.68 -34.56 25.92 -20.67 0.00 -74.99 0.00 35.84 -69.95 -83.25 -5036.34
 2041 -12.17 0.00 -129.76 0.00 85.57 12.12 -31.70 31.70 -33.52 25.14 -20.05 0.00 -72.74 0.00 34.76 -67.86 -77.50 -5113.84
 2042 -11.80 0.00 -125.87 0.00 83.01 11.75 -30.75 30.75 -32.52 24.39 -19.45 0.00 -70.56 0.00 33.72 -65.82 -72.01 -5185.85
 2043 -11.45 0.00 -122.09 0.00 80.52 11.40 -29.83 29.83 -31.54 23.65 -18.87 0.00 -68.44 0.00 32.71 -63.85 -66.78 -5252.63
 2044 -11.10 0.00 -118.43 0.00 78.10 11.06 -28.93 28.93 -30.59 22.95 -18.30 0.00 -66.39 0.00 31.73 -61.93 -61.80 -5314.44
 2045 -10.77 0.00 -114.88 0.00 75.76 10.73 -28.06 28.06 -29.68 22.26 -17.75 0.00 -64.40 0.00 30.77 -60.07 -57.06 -5371.50
 2046 -10.45 0.00 -111.43 0.00 73.49 10.41 -27.22 27.22 -28.79 21.59 -17.22 0.00 -62.46 0.00 29.85 -58.27 -52.54 -5424.04
 2047 -10.13 0.00 -108.09 0.00 71.28 10.09 -26.41 26.41 -27.92 20.94 -16.70 0.00 -60.59 0.00 28.95 -56.52 -48.25 -5472.29
 2048 -9.83 0.00 -104.85 0.00 69.14 9.79 -25.61 25.61 -27.08 20.31 -16.20 0.00 -58.77 0.00 28.09 -54.83 -44.17 -5516.46
 2049 -9.53 0.00 -101.70 0.00 67.07 9.50 -24.85 24.85 -26.27 19.70 -15.72 0.00 -57.01 0.00 27.24 -53.18 -40.28 -5556.74
 2050 -9.25 0.00 -98.65 0.00 65.06 9.21 -24.10 24.10 -25.48 19.11 -15.25 0.00 -55.30 0.00 26.43 -51.59 -36.58 -5593.33
 2051 -8.97 0.00 -95.69 0.00 63.11 8.94 -23.38 23.38 -24.72 18.54 -14.79 0.00 -53.64 0.00 25.63 -50.04 -33.08 -5626.41
 2052 -8.70 0.00 -92.82 0.00 61.21 8.67 -22.68 22.68 -23.98 17.98 -14.34 0.00 -52.03 0.00 24.86 -48.54 -29.75 -5656.16
 2053 -8.44 0.00 -90.03 0.00 59.38 8.41 -22.00 22.00 -23.26 17.44 -13.91 0.00 -50.47 0.00 24.12 -47.08 -26.59 -5682.75
 2054 -8.19 0.00 -87.33 0.00 57.59 8.16 -21.34 21.34 -22.56 16.92 -13.50 0.00 -48.96 0.00 23.39 -45.67 -23.58 -5706.33
 2055 -7.94 0.00 -84.71 0.00 55.87 7.91 -20.70 20.70 -21.88 16.41 -13.09 0.00 -47.49 0.00 22.69 -44.30 -20.74 -5727.07
 2056 -7.70 0.00 -82.17 0.00 54.19 7.67 -20.07 20.07 -21.23 15.92 -12.70 0.00 -46.06 0.00 22.01 -42.97 -18.04 -5745.12
 2057 -7.47 0.00 -79.71 0.00 52.56 7.44 -19.47 19.47 -20.59 15.44 -12.32 0.00 -44.68 0.00 21.35 -41.68 -15.49 -5760.61
 2058 -7.25 0.00 -77.32 0.00 50.99 7.22 -18.89 18.89 -19.97 14.98 -11.95 0.00 -43.34 0.00 20.71 -40.43 -13.07 -5773.68
 2059 -7.03 0.00 -75.00 0.00 49.46 7.00 -18.32 18.32 -19.37 14.53 -11.59 0.00 -42.04 0.00 20.09 -39.22 -10.79 -5784.47
                                       
 Total Value -815.17 0.00 -8695.13 0.00 4511.20 780.79 -2124.20 2042.70 -2160.00 1620.00 -1193.67 0.00 -1551.56 0.00 2329.23 -4546.89     
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Table 4. HEA inputs and values for Alternative 2A 
 

  ER2 = 167.8 acres; ER3 161 
D 260; A1 530; G 24.6; 

H 20; BI 25; A2 140 
A2 120; G 
320; H 100 H Offshore new work Offshore In-bay placement         

Action Impact area Create 
Impact 
area Create Create Create 

Impact 
area Create 

Impact 
area 

Unconfined 
placement Impact area 

Unconfined 
placement         

Habitat Type 

Mercury 
contaminated 

bottom 
Levee/Upland 

Placement 
Open Bay 

Bottom 
Levee/Upland 

Placement Marsh 
Sand 

Platform 
Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Open Bay 
Bottom 

Open Bay 
Bottom         

Year 2010 2010 2010 2010 2014 2010 2010 2010 2011 2011 2011 2011         

Change in 
functional 

value 
compared to 

no action Acres 328.8 328.8 999.6 999.6 540 325 1600 1600 453 453 1350 1350         

4789.50

Dredge 
Cycle 
(months)                   24   24         

 

Number of 
years 
required to 
mature         3 1   1                 

 
Maximum 
recovery         50% 100%   100%                 

 

Note 

Contaminated sites   

New work 
upland 
placement 
sites   Marsh site 

Habitat 
area 

offshore 
new work 
placement 

accounting for 
offshore 
placement 
only one time - 
not really 
creating 
habitat 

offshore 
placement 
area   

Placement of 
maintenance 
material in 
Matagorda 
Bay           

Discount 
rate 

Discounted 
total value -815.17 0.00 -4956.46 0.00 5536.48 1937.08 -7933.51 7629.13 -2160.00 1620.00 -6437.08 4827.81         

3% 

Maximum 
functional 
value per 
year 31.28 0.00 190.16 0.00 540.00 77.28 304.38 304.38 86.18 86.18 256.82 256.82         

 Year Discounted values 2 3 4 5 #REF! #REF! #REF! #REF! #REF! #REF! #REF! 

Stop open 
bay 
placement 

Ship 
channel 

Annual 
Difference 
No Action 
and 
Alternative 

Cumulative 
difference - 
no action 
and 
alternative 

 2010 -31.28 0.00 -190.16 0.00 0.00 0.00 -304.38 0.00 0.00 0.00 0.00 0.00 89.36 -174.45 -610.79 -610.79 
 2011 -30.34 0.00 -184.46 0.00 0.00 74.97 -295.25 295.25 -83.59 62.69 -249.12 186.84 86.68 -169.21 -297.28 -908.07 
 2012 -29.43 0.00 -178.92 0.00 0.00 72.72 -286.39 286.39 -81.08 60.81 -241.64 181.23 84.08 -164.14 -280.46 -1188.53 
 2013 -28.54 0.00 -173.56 0.00 0.00 70.54 -277.80 277.80 -78.65 58.99 -234.39 175.79 81.56 -159.21 -264.39 -1452.92 
 2014 -27.69 0.00 -168.35 0.00 0.00 68.42 -269.47 269.47 -76.29 57.22 -227.36 170.52 79.11 -154.44 -249.03 -1701.95 
 2015 -26.86 0.00 -163.30 0.00 77.29 66.37 -261.38 261.38 -74.00 55.50 -220.54 165.41 76.74 -149.80 -157.08 -1859.03 
 2016 -26.05 0.00 -158.40 0.00 149.93 64.38 -253.54 253.54 -71.78 53.84 -213.92 160.44 74.44 -145.31 -70.42 -1929.45 
 2017 -25.27 0.00 -153.65 0.00 218.16 62.44 -245.93 245.93 -69.63 52.22 -207.51 155.63 72.20 -140.95 11.18 -1918.26 
 2018 -24.51 0.00 -149.04 0.00 211.61 60.57 -238.56 238.56 -67.54 50.66 -201.28 150.96 70.04 -136.72 17.41 -1900.86 
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Table 4. HEA inputs and values for Alternative 2A 
 

  ER2 = 167.8 acres; ER3 161 
D 260; A1 530; G 24.6; 

H 20; BI 25; A2 140 
A2 120; G 
320; H 100 H Offshore new work Offshore In-bay placement         

 2019 -23.78 0.00 -144.57 0.00 205.26 58.75 -231.40 231.40 -65.51 49.14 -195.24 146.43 67.94 -132.62 23.25 -1877.60 
 2020 -23.06 0.00 -140.23 0.00 199.10 56.99 -224.46 224.46 -63.55 47.66 -189.39 142.04 65.90 -128.64 28.72 -1848.88 
 2021 -22.37 0.00 -136.02 0.00 193.13 55.28 -217.72 217.72 -61.64 46.23 -183.70 137.78 63.92 -124.78 33.85 -1815.03 
 2022 -21.70 0.00 -131.94 0.00 187.34 53.62 -211.19 211.19 -59.79 44.85 -178.19 133.64 62.00 -121.04 38.64 -1776.39 
 2023 -21.05 0.00 -127.98 0.00 181.72 52.01 -204.86 204.86 -58.00 43.50 -172.85 129.64 60.14 -117.41 43.11 -1733.28 
 2024 -20.42 0.00 -124.14 0.00 176.27 50.45 -198.71 198.71 -56.26 42.19 -167.66 125.75 58.34 -113.89 47.28 -1686.00 
 2025 -19.80 0.00 -120.42 0.00 170.98 48.94 -192.75 192.75 -54.57 40.93 -162.63 121.97 56.59 -110.47 51.16 -1634.84 
 2026 -19.21 0.00 -116.81 0.00 165.85 47.47 -186.97 186.97 -52.93 39.70 -157.75 118.31 54.89 -107.16 54.76 -1580.08 
 2027 -18.63 0.00 -113.30 0.00 160.87 46.05 -181.36 181.36 -51.35 38.51 -153.02 114.77 53.25 -103.94 58.11 -1521.97 
 2028 -18.08 0.00 -109.90 0.00 156.05 44.67 -175.92 175.92 -49.81 37.35 -148.43 111.32 51.65 -100.82 61.19 -1460.78 
 2029 -17.53 0.00 -106.61 0.00 151.37 43.33 -170.64 170.64 -48.31 36.23 -143.98 107.98 50.10 -97.80 64.05 -1396.73 
 2030 -17.01 0.00 -103.41 0.00 146.82 42.03 -165.52 165.52 -46.86 35.15 -139.66 104.74 48.60 -94.86 66.67 -1330.06 
 2031 -16.50 0.00 -100.31 0.00 142.42 40.77 -160.55 160.55 -45.46 34.09 -135.47 101.60 47.14 -92.02 69.09 -1260.97 
 2032 -16.00 0.00 -97.30 0.00 138.15 39.54 -155.74 155.74 -44.09 33.07 -131.40 98.55 45.72 -89.26 71.30 -1189.68 
 2033 -15.52 0.00 -94.38 0.00 134.00 38.36 -151.07 151.07 -42.77 32.08 -127.46 95.60 44.35 -86.58 73.31 -1116.36 
 2034 -15.06 0.00 -91.55 0.00 129.98 37.21 -146.53 146.53 -41.49 31.12 -123.64 92.73 43.02 -83.98 75.14 -1041.22 
 2035 -14.60 0.00 -88.80 0.00 126.08 36.09 -142.14 142.14 -40.24 30.18 -119.93 89.95 41.73 -81.46 76.80 -964.43 
 2036 -14.17 0.00 -86.14 0.00 122.30 35.01 -137.87 137.87 -39.04 29.28 -116.33 87.25 40.48 -79.02 78.28 -886.15 
 2037 -13.74 0.00 -83.55 0.00 118.63 33.96 -133.74 133.74 -37.86 28.40 -112.84 84.63 39.26 -76.65 79.61 -806.54 
 2038 -13.33 0.00 -81.05 0.00 115.07 32.94 -129.73 129.73 -36.73 27.55 -109.46 82.09 38.09 -74.35 80.79 -725.74 
 2039 -12.93 0.00 -78.61 0.00 111.62 31.95 -125.83 125.83 -35.63 26.72 -106.17 79.63 36.94 -72.12 81.83 -643.91 
 2040 -12.54 0.00 -76.26 0.00 108.27 30.99 -122.06 122.06 -34.56 25.92 -102.99 77.24 35.84 -69.95 82.73 -561.18 
 2041 -12.17 0.00 -73.97 0.00 105.02 30.06 -118.40 118.40 -33.52 25.14 -99.90 74.92 34.76 -67.86 83.51 -477.67 
 2042 -11.80 0.00 -71.75 0.00 101.87 29.16 -114.84 114.84 -32.52 24.39 -96.90 72.68 33.72 -65.82 84.17 -393.50 
 2043 -11.45 0.00 -69.60 0.00 98.82 28.29 -111.40 111.40 -31.54 23.65 -93.99 70.50 32.71 -63.85 84.71 -308.79 
 2044 -11.10 0.00 -67.51 0.00 95.85 27.44 -108.06 108.06 -30.59 22.95 -91.17 68.38 31.73 -61.93 85.14 -223.65 
 2045 -10.77 0.00 -65.48 0.00 92.98 26.61 -104.82 104.82 -29.68 22.26 -88.44 66.33 30.77 -60.07 85.47 -138.18 
 2046 -10.45 0.00 -63.52 0.00 90.19 25.81 -101.67 101.67 -28.79 21.59 -85.79 64.34 29.85 -58.27 85.72 -52.46 
 2047 -10.13 0.00 -61.61 0.00 87.48 25.04 -98.62 98.62 -27.92 20.94 -83.21 62.41 28.95 -56.52 85.86 33.41 
 2048 -9.83 0.00 -59.77 0.00 84.86 24.29 -95.66 95.66 -27.08 20.31 -80.72 60.54 28.09 -54.83 85.92 119.33 
 2049 -9.53 0.00 -57.97 0.00 82.31 23.56 -92.79 92.79 -26.27 19.70 -78.29 58.72 27.24 -53.18 85.91 205.24 
 2050 -9.25 0.00 -56.23 0.00 79.84 22.85 -90.01 90.01 -25.48 19.11 -75.95 56.96 26.43 -51.59 85.82 291.05 
 2051 -8.97 0.00 -54.55 0.00 77.45 22.17 -87.31 87.31 -24.72 18.54 -73.67 55.25 25.63 -50.04 85.65 376.70 
 2052 -8.70 0.00 -52.91 0.00 75.12 21.50 -84.69 84.69 -23.98 17.98 -71.46 53.59 24.86 -48.54 85.42 462.12 
 2053 -8.44 0.00 -51.32 0.00 72.87 20.86 -82.15 82.15 -23.26 17.44 -69.31 51.98 24.12 -47.08 85.12 547.24 
 2054 -8.19 0.00 -49.78 0.00 70.68 20.23 -79.68 79.68 -22.56 16.92 -67.23 50.43 23.39 -45.67 84.78 632.02 
 2055 -7.94 0.00 -48.29 0.00 68.56 19.63 -77.29 77.29 -21.88 16.41 -65.22 48.91 22.69 -44.30 84.37 716.39 
 2056 -7.70 0.00 -46.84 0.00 66.51 19.04 -74.97 74.97 -21.23 15.92 -63.26 47.45 22.01 -42.97 83.92 800.31 
 2057 -7.47 0.00 -45.44 0.00 64.51 18.47 -72.73 72.73 -20.59 15.44 -61.36 46.02 21.35 -41.68 83.41 883.72 
 2058 -7.25 0.00 -44.07 0.00 62.58 17.91 -70.54 70.54 -19.97 14.98 -59.52 44.64 20.71 -40.43 82.86 966.58 
 2059 -7.03 0.00 -42.75 0.00 60.70 17.37 -68.43 68.43 -19.37 14.53 -57.74 43.30 20.09 -39.22 82.26 1048.84 
                                   
 Total Value -815.17 0.00 -4956.46 0.00 5536.48 1937.08 -7933.51 7629.13 -2160.00 1620.00 -6437.08 4827.81 2329.23 -4546.89     
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Table 4 – HEA Inputs And Values For Alternative 2B 
 

  
ER2 = 167.8 acres; ER3 

161 

D 260; A1 530; G 24.6; H 
20; BI 25; A2 140; C2 

446 
A2 120; G 
320; H 100 C2 H Offshore new work Offshore In-bay placement         

Action Impact area Create 
Impact 
area Create Create Impact area Create Create 

Impact 
area Create 

Impact 
area 

Unconfined 
placement Impact area 

Unconfined 
placement         

Habitat Type 

Mercury 
contaminated 

bottom 
Levee/Upland 

Placement 
Open Bay 

Bottom 
Levee/Upland 

Placement Marsh 
Open Bay 

Bottom 
Levee/Upland 

Placement 
Sand 

Platform 
Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Offshore 
Bottom 

Open Bay 
Bottom 

Open Bay 
Bottom         

Year 2010 2010 2010 2010 2014 2035 2035 2010 2010 2010 2011 2011 2011 2011         

Change in 
functional 

value 
compared to 

no action Acres 328.8 328.8 1445.6 1445.6 540 440 440 325 1600 1600 453 453 1350 1350         

1883.54 
Dredge Cycle 
(months)                       24   24         

 

Number of years 
required to 
mature         3     1   1                 

 
Maximum 
recovery         50%     100%   100%                 

 

Note 

Contaminated 
sites   

New work 
upland 
placement 
sites   Marsh site     

Habitat 
area 

offshore 
new work 
placement 

accounting for 
offshore 
placement only 
one time - not 
really creating 
habitat 

offshore 
placement 
area   

Placement of 
maintenance 
material in 
Matagorda 
Bay           

Discount 
rate 

Discounted total 
value -815.17 0.00 -7167.93 0.00 5536.48 -694.49 0.00 1937.08 -7933.51 7629.13 -2160.00 1620.00 -6437.08 4827.81         

3% 

Maximum 
functional value per 
year 31.28 0.00 275.01 0.00 540.00 83.70 0.00 77.28 304.38 304.38 86.18 86.18 256.82 256.82         

 Discounted values 1 2 3 4 5 #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! #REF! 

stop open 
bay 
placement 

Ship 
channel 

Annual 
Difference 
No Action 
and 
Alternative 

Cumulative 
difference - 
no action and 
alternative 

 2010 -31.28 0.00 -275.01 0.00 0.00 0.00 0.00 0.00 -304.38 0.00 0.00 0.00 0.00 0.00 89.36 -174.45 -695.64 -695.64
 2011 -30.34 0.00 -266.76 0.00 0.00 0.00 0.00 74.97 -295.25 295.25 -83.59 62.69 -249.12 186.84 86.68 -169.21 -379.58 -1075.21
 2012 -29.43 0.00 -258.75 0.00 0.00 0.00 0.00 72.72 -286.39 286.39 -81.08 60.81 -241.64 181.23 84.08 -164.14 -360.29 -1435.51
 2013 -28.54 0.00 -250.99 0.00 0.00 0.00 0.00 70.54 -277.80 277.80 -78.65 58.99 -234.39 175.79 81.56 -159.21 -341.83 -1777.34
 2014 -27.69 0.00 -243.46 0.00 0.00 0.00 0.00 68.42 -269.47 269.47 -76.29 57.22 -227.36 170.52 79.11 -154.44 -324.14 -2101.48
 2015 -26.86 0.00 -236.16 0.00 77.29 0.00 0.00 66.37 -261.38 261.38 -74.00 55.50 -220.54 165.41 76.74 -149.80 -229.94 -2331.42
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Table 4 – HEA Inputs And Values For Alternative 2B 
 

 2016 -26.05 0.00 -229.07 0.00 149.93 0.00 0.00 64.38 -253.54 253.54 -71.78 53.84 -213.92 160.44 74.44 -145.31 -141.09 -2472.51
 2017 -25.27 0.00 -222.20 0.00 218.16 0.00 0.00 62.44 -245.93 245.93 -69.63 52.22 -207.51 155.63 72.20 -140.95 -57.37 -2529.88
 2018 -24.51 0.00 -215.54 0.00 211.61 0.00 0.00 60.57 -238.56 238.56 -67.54 50.66 -201.28 150.96 70.04 -136.72 -49.09 -2578.97
 2019 -23.78 0.00 -209.07 0.00 205.26 0.00 0.00 58.75 -231.40 231.40 -65.51 49.14 -195.24 146.43 67.94 -132.62 -41.25 -2620.22
 2020 -23.06 0.00 -202.80 0.00 199.10 0.00 0.00 56.99 -224.46 224.46 -63.55 47.66 -189.39 142.04 65.90 -128.64 -33.84 -2654.07
 2021 -22.37 0.00 -196.71 0.00 193.13 0.00 0.00 55.28 -217.72 217.72 -61.64 46.23 -183.70 137.78 63.92 -124.78 -26.84 -2680.91
 2022 -21.70 0.00 -190.81 0.00 187.34 0.00 0.00 53.62 -211.19 211.19 -59.79 44.85 -178.19 133.64 62.00 -121.04 -20.23 -2701.14
 2023 -21.05 0.00 -185.09 0.00 181.72 0.00 0.00 52.01 -204.86 204.86 -58.00 43.50 -172.85 129.64 60.14 -117.41 -13.99 -2715.13
 2024 -20.42 0.00 -179.53 0.00 176.27 0.00 0.00 50.45 -198.71 198.71 -56.26 42.19 -167.66 125.75 58.34 -113.89 -8.11 -2723.24
 2025 -19.80 0.00 -174.15 0.00 170.98 0.00 0.00 48.94 -192.75 192.75 -54.57 40.93 -162.63 121.97 56.59 -110.47 -2.57 -2725.81
 2026 -19.21 0.00 -168.92 0.00 165.85 0.00 0.00 47.47 -186.97 186.97 -52.93 39.70 -157.75 118.31 54.89 -107.16 2.65 -2723.16
 2027 -18.63 0.00 -163.86 0.00 160.87 0.00 0.00 46.05 -181.36 181.36 -51.35 38.51 -153.02 114.77 53.25 -103.94 7.55 -2715.61
 2028 -18.08 0.00 -158.94 0.00 156.05 0.00 0.00 44.67 -175.92 175.92 -49.81 37.35 -148.43 111.32 51.65 -100.82 12.16 -2703.45
 2029 -17.53 0.00 -154.17 0.00 151.37 0.00 0.00 43.33 -170.64 170.64 -48.31 36.23 -143.98 107.98 50.10 -97.80 16.48 -2686.97
 2030 -17.01 0.00 -149.55 0.00 146.82 0.00 0.00 42.03 -165.52 165.52 -46.86 35.15 -139.66 104.74 48.60 -94.86 20.53 -2666.44
 2031 -16.50 0.00 -145.06 0.00 142.42 0.00 0.00 40.77 -160.55 160.55 -45.46 34.09 -135.47 101.60 47.14 -92.02 24.33 -2642.11
 2032 -16.00 0.00 -140.71 0.00 138.15 0.00 0.00 39.54 -155.74 155.74 -44.09 33.07 -131.40 98.55 45.72 -89.26 27.88 -2614.22
 2033 -15.52 0.00 -136.49 0.00 134.00 0.00 0.00 38.36 -151.07 151.07 -42.77 32.08 -127.46 95.60 44.35 -86.58 31.20 -2583.02
 2034 -15.06 0.00 -132.39 0.00 129.98 0.00 0.00 37.21 -146.53 146.53 -41.49 31.12 -123.64 92.73 43.02 -83.98 34.29 -2548.72
 2035 -14.60 0.00 -128.42 0.00 126.08 -39.09 0.00 36.09 -142.14 142.14 -40.24 30.18 -119.93 89.95 41.73 -81.46 -1.91 -2550.64
 2036 -14.17 0.00 -124.57 0.00 122.30 -37.92 0.00 35.01 -137.87 137.87 -39.04 29.28 -116.33 87.25 40.48 -79.02 1.93 -2548.70
 2037 -13.74 0.00 -120.83 0.00 118.63 -36.78 0.00 33.96 -133.74 133.74 -37.86 28.40 -112.84 84.63 39.26 -76.65 5.55 -2543.15
 2038 -13.33 0.00 -117.21 0.00 115.07 -35.67 0.00 32.94 -129.73 129.73 -36.73 27.55 -109.46 82.09 38.09 -74.35 8.96 -2534.19
 2039 -12.93 0.00 -113.69 0.00 111.62 -34.60 0.00 31.95 -125.83 125.83 -35.63 26.72 -106.17 79.63 36.94 -72.12 12.15 -2522.04
 2040 -12.54 0.00 -110.28 0.00 108.27 -33.57 0.00 30.99 -122.06 122.06 -34.56 25.92 -102.99 77.24 35.84 -69.95 15.14 -2506.90
 2041 -12.17 0.00 -106.97 0.00 105.02 -32.56 0.00 30.06 -118.40 118.40 -33.52 25.14 -99.90 74.92 34.76 -67.86 17.95 -2488.95
 2042 -11.80 0.00 -103.76 0.00 101.87 -31.58 0.00 29.16 -114.84 114.84 -32.52 24.39 -96.90 72.68 33.72 -65.82 20.57 -2468.38
 2043 -11.45 0.00 -100.65 0.00 98.82 -30.63 0.00 28.29 -111.40 111.40 -31.54 23.65 -93.99 70.50 32.71 -63.85 23.02 -2445.36
 2044 -11.10 0.00 -97.63 0.00 95.85 -29.72 0.00 27.44 -108.06 108.06 -30.59 22.95 -91.17 68.38 31.73 -61.93 25.31 -2420.05
 2045 -10.77 0.00 -94.70 0.00 92.98 -28.82 0.00 26.61 -104.82 104.82 -29.68 22.26 -88.44 66.33 30.77 -60.07 27.43 -2392.62
 2046 -10.45 0.00 -91.86 0.00 90.19 -27.96 0.00 25.81 -101.67 101.67 -28.79 21.59 -85.79 64.34 29.85 -58.27 29.42 -2363.20
 2047 -10.13 0.00 -89.10 0.00 87.48 -27.12 0.00 25.04 -98.62 98.62 -27.92 20.94 -83.21 62.41 28.95 -56.52 31.25 -2331.95
 2048 -9.83 0.00 -86.43 0.00 84.86 -26.31 0.00 24.29 -95.66 95.66 -27.08 20.31 -80.72 60.54 28.09 -54.83 32.95 -2299.00
 2049 -9.53 0.00 -83.84 0.00 82.31 -25.52 0.00 23.56 -92.79 92.79 -26.27 19.70 -78.29 58.72 27.24 -53.18 34.52 -2264.48
 2050 -9.25 0.00 -81.32 0.00 79.84 -24.75 0.00 22.85 -90.01 90.01 -25.48 19.11 -75.95 56.96 26.43 -51.59 35.98 -2228.50
 2051 -8.97 0.00 -78.88 0.00 77.45 -24.01 0.00 22.17 -87.31 87.31 -24.72 18.54 -73.67 55.25 25.63 -50.04 37.30 -2191.20
 2052 -8.70 0.00 -76.52 0.00 75.12 -23.29 0.00 21.50 -84.69 84.69 -23.98 17.98 -71.46 53.59 24.86 -48.54 38.52 -2152.68
 2053 -8.44 0.00 -74.22 0.00 72.87 -22.59 0.00 20.86 -82.15 82.15 -23.26 17.44 -69.31 51.98 24.12 -47.08 39.63 -2113.05
 2054 -8.19 0.00 -71.99 0.00 70.68 -21.91 0.00 20.23 -79.68 79.68 -22.56 16.92 -67.23 50.43 23.39 -45.67 40.65 -2072.39
 2055 -7.94 0.00 -69.83 0.00 68.56 -21.26 0.00 19.63 -77.29 77.29 -21.88 16.41 -65.22 48.91 22.69 -44.30 41.57 -2030.82
 2056 -7.70 0.00 -67.74 0.00 66.51 -20.62 0.00 19.04 -74.97 74.97 -21.23 15.92 -63.26 47.45 22.01 -42.97 42.40 -1988.42
 2057 -7.47 0.00 -65.71 0.00 64.51 -20.00 0.00 18.47 -72.73 72.73 -20.59 15.44 -61.36 46.02 21.35 -41.68 43.14 -1945.29
 2058 -7.25 0.00 -63.74 0.00 62.58 -19.40 0.00 17.91 -70.54 70.54 -19.97 14.98 -59.52 44.64 20.71 -40.43 43.80 -1901.49
 2059 -7.03 0.00 -61.82 0.00 60.70 -18.82 0.00 17.37 -68.43 68.43 -19.37 14.53 -57.74 43.30 20.09 -39.22 44.37 -1857.12
                                       
 Total Value -815.17 0.00 -7167.93 0.00 5536.48 -694.49 0.00 1937.08 -7933.51 7629.13 -2160.00 1620.00 -6437.08 4827.81 2329.23 -4546.89     
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Aerial Photo Analysis of Keller Bay 

Keller Bay is a very productive secondary estuary separated from Matagorda Bay by a 
relatively thin section of land. During the MSCIP’s public scoping session the area was 
identified as an area that should be considered for protection. The Resource Agency 
Working Group reviewed the area and agreed that it should be protected. In order to 
evaluate the area as a potential mitigation site, the functional value must be assessed. 

Historic aerial photographs were analyzed in order to provide quantitative values for the 
amount of seagrass and wetland habitat that would be protected by shoreline protection 
to prevent a breach of Keller Bay. The current conditions in Keller Bay and changes that 
have occurred in Redfish Lake over the past 34 years were analyzed using a series of 
aerial photos.  

Images were acquired of Redfish Lake from 1972, 1989,1992, 1995 and 2004; and of 
Keller Bay from 2004. The 1972, 1989, 1992, and 1995 images are color infrared (IR) 
high-resolution scanned images from the United States Geological Survey (USGS). 
These images have 1-m resolution. The 2004 image is a 1-m resolution digital ortho 
quarter quad (DOQQ).  

The images were each geo-rectified using ERDAS IMAGINE software (using a 
polynomial geometric model) to have a positional error of less than 1 m, based on the 
DOQQ. The images were then analyzed using ArcMap software.  

The rate of erosion near Redfish Lake was calculated by measuring the width of the 
peninsula at 7 parallel transects running perpendicular to the shoreline set at 200-ft 
intervals in both the 1972 image and the 1989 image. The average difference between 
the lengths of corresponding segments between the two dates, divided by the number of 
years between images was calculated as the erosion rate. This erosion rate between 
1972 and 1989 near Redfish Lake was 12.6 ft/year (3.8 m/year). The year in which a 
breach occurred in Redfish Lake was determined by measuring the width of the 
narrowest section of land (where subsequent images show the breach occurred) in the 
1972 image and determining when it would be completely eroded using the measured 
erosion rate for the area. The narrowest point in 1972 was 177 feet, and assuming the 
average erosion rate for the area this section of land would be completely eroded in 
1986. 

The amount of seagrass and marsh habitat were determined in Redfish Lake in 1972, 
1989,1992, and 1995; and in Keller Bay in 2004. The habitat boundaries were generated 
by on-screen digitizing. The width of the peninsula (upland and marsh) separating Keller 
Bay from Matagorda Bay in 2004 was characterized by measuring the length of 7 
parallel transects set perpendicular to the shoreline at 200-ft intervals. 

In 1972 the peninsula separating Redfish Lake from Matagorda Bay had an average 
width (from the 7 transects) of 865 ft. and minimum width of 177 ft. at the location where 
subsequent images show that a breach occurred; seagrass habitat dominated the lake, 
covering 591 acres; and there were 239 acres of marsh bordering the lake. The 1989 
image of Redfish Lake confirms that a breach had occurred, as was predicted by the 
erosion rate model. By 1989 all of the seagrass in Redfish Lake was lost. In 1995 there 
were 178 acres of marsh surrounding Redfish Lake. In 2004 the area of marsh 
surrounding Redfish Lake had diminished to 147 acres. In 2004 the peninsula separating 
Keller Bay from Matagorda Bay had an average width (from the 7 transects) of 1048 ft. 
and a minimum width of 483 ft.; there was 250 acres of seagrass habitat in the Bay; and 
488 acres of marsh on the southern shore of the Bay.  
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 May 15, 2000 

 
 
MEMORANDUM FOR: Alcoa Point Comfort/ Lavaca Bay NPL Site  

Administrative Record 
  
FROM:   Federal and State Natural Resource Trustees 
 
SUBJECT:   Relative Habitat Service Provision Exercise 
 
 

The federal and state natural resource trustees (the Trustees) assessed natural 
resource injury to different types of habitats including oyster reef, intertidal marsh, and 
open-bay bottoms (sediments) at the Alcoa Point Comfort/ Lavaca Bay NPL Site (the 
Site).  As compensation for the injuries, the Trustees seek in-kind restoration where it is 
practical or desirable.  For injuries to marsh and oyster reef, it is practical to create or 
enhance the same kind of habitat.  It is not practical to seek in-kind restoration for 
injuries to open-bay bottoms and their benthic communities.  The creation of open-bay 
bottom benthic habitat is typically considered undesirable since it generally involves the 
destruction of existing terrestrial and/or wetland habitats.  This would be particularly 
damaging since the Gulf Coast is experiencing the loss of over thirty square miles of 
marsh habitat per year due to erosion and subsidence.  The Trustees’ preferred 
alternative to creating open-bay bottom is to restore or create marsh habitat.  Marsh 
enhancement or creation is appropriate since marsh restoration would support the same 
kinds of services that were injured in the open-bay bottoms.   

Given the preference for marsh creation and/or enhancement to compensate for the 
open-bay bottom losses (out-of-kind restoration), the Trustees have to determine the 
quality differences between the marsh and open-bay bottom habitats.  If marshes are 
more productive than open-bay bottoms at providing resources and services, then the 
marsh restoration project would be scaled back compared to the requirement for open-
bay bottom restoration.  The exercise that is presently described was undertaken to 
develop an estimate of the quality differences or the trade-off between marsh and open-
bay bottom habitats.1   

Government and academic experts were selected to evaluate the quality of marsh and 
oyster reef habitats relative to open-bay bottom habitats.  The individuals were selected 
based on their knowledge of and experience with Texas estuaries and marine 
environments. 

The experts were each given a set of material that was to be the basis of their 
determinations (the information that was distributed is attached to this document).  The 
material included background information for the exercise.  Then, the habitats that were 

                                                 
1 The exercise also examined the difference between oyster reefs and open-bay bottoms.  The 
Trustees would allow restoration of oyster reef to offset injuries to open-bay bottoms.  Research 
on costs revealed oyster reef restoration to be more expensive than marsh restoration so the open-
bay bottom/marsh trade-off was central. 
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potentially injured and for which trade-off ratios were needed were described2 and the 
restoration habitats – emergent intertidal marsh and oyster reef – were characterized.  
Five functions of habitats were identified whose provisions were to be the criteria for 
comparing the injury and restoration habitats.  The five functions were primary 
production, secondary production, benefits to fish and decapods, organic detritus 
production, and decomposition and mineralization.  Finally, the experts were asked to 
score the open-bay bottom habitats relative to each restoration habitat. 

A subset of the experts’ input was employed for determining the habitat quality 
differences.  The Trustees used evaluations from experts who had specialized 
knowledge with one of the restoration habitats or who had a good knowledge of all the 
types of habitats included in the exercise.  Based on these experts’ input, the trade-off 
between open-bay bottoms and marsh was 5:1.  Specifically, the services provided by 
five acres of bay-bottom are equal to the services provided by one acre of marsh.  The 
trade-off between open-bay bottom and oyster reef was 2.5:1.  This information was 
crucial for determining the amount of restoration needed to compensate for the open-bay 
bottom injuries.   

                                                 
2 Habitats other than open-bay bottoms were also included in these descriptions.  However, those 
areas dropped out as injury categories or were addressed through other means.  The soft sediment 
bay bottom and scattered shell/soft sediment bay bottom habitats were grouped together; the 
intertidal marsh and mudflat habitat could be restored directly so no exchange was necessary; and 
the channels were not pursued as injury habitats because of repeated dredging and injury to those 
environments not related to contamination from the Site. 
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Relative Habitat Service Provision Exercise 

Background 

Alcoa and the Trustees are conducting a Natural Resource Damage Assessment of the 
injuries to natural resources resulting from the release of mercury and other 
contaminants into Lavaca Bay. Designated natural resource Trustees have the 
responsibility to evaluate potential injuries to natural resources and losses of services 
resulting from releases of hazardous substances at the site pursuant to Section 107(f) of 
CERCLA and other Federal and State laws including Subpart G of the National 
Contingency Plan (40 CFR Section 300.600-300.615) and the Natural Resource 
Damage Assessment Regulations (NRDA; 43 CFR Part 11).  The Trustees and Alcoa 
entered into a Memorandum of Agreement, effective January 14, 1997, to coordinate a 
focused and expedited process for evaluating potential natural resource injuries and 
losses of services resulting from hazardous substance releases from their Point Comfort 
Operations and for planning restoration of any injured resources and service losses. The 
goal of the expedited process is to rapidly and cost-effectively undertake necessary 
restoration actions to make the public and the environment whole for injuries to natural 
resources and losses of services. 

The purpose of this exercise is to try to develop ratios for the relative ecological service 
provision of various habitat types in Lavaca Bay.  These trade-off ratios are important 
because natural resource trustees are required to seek compensation for injuries to 
natural resources that result from unauthorized discharges of hazardous substances.  
Restoration of the same type and quality of habitat as that injured is generally preferred, 
but may not be possible or cost-effective under specific circumstances.  When in-kind 
restoration is not practical, one option for the Trustees is to seek restoration of other 
habitats that will provide similar ecological services as those injured and/or that benefit 
the resources that are adversely affected by the injured habitat.  When out-of-kind 
restoration projects are the best alternative, the Trustees must try to adjust for 
differences in quality differences in the habitats through evaluation of the appropriate 
relative habitat services provided by the restored habitat compared to that provided by 
the type of habitat injured.  The goal of this exercise is for the Trustees and Alcoa to 
cooperatively develop trade-off ratios that incorporate these quality differences into the 
scale of restoration required to compensate for injuries caused by contamination in 
Lavaca Bay. 

Your participation in this excercise, as an independent expert approved by both Alcoa 
and the Trustees, will be critical in scaling the amount of restoration required to 
compensate for the injuries. Alcoa and the Trustees are in the process of determining 
the amount of injury to affected habitats that will require restoration.  The amount (area) 
and degree of injury to habitats from hazardous substance releases will be determined 
for each habitat type affected. This injury will be expressed in terms of area impacted 
and level of service reduction. 

Restoration of the injured resources at the site of injury is not possible for resources 
adjacent to the Alcoa facility. Some of the injured resources can not be restored at the 
injury site due to their location in the bay or pattern of utilization (e.g., deep channel 
bottom, shallow channel bottom, open bay bottom).  Therefore, Alcoa and the Trustees 
will utilized the habitat exchange rates to trade lost resources in one habitat type for a 
different type of created habitat. 
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The types of resources that have been injured in Lavaca Bay and that are relevent to 
this exercise are: 

• Benthic fauna – Concentrations of mercury and PAHs in sediments near the 
Alcoa facility and Dredge Island are of sufficient concentrations to potentially 
result ininjury to benthic infaunal and epibenthic communities.  Injury is likely 
the result of service reductions from reduced productivity through lower 
diversity and/or abundance. 

• Finfish – Elevated concentrations of methyl-mercury have been detected in 
nearly all aquatic species sampled in Lavaca Bay. High concentrations were 
detected in prey items associated with benthic food webs near the Alcoa 
facility and Dredge Island.  Finfish species associated with the benthic 
foodweb, including red and black drum, utilizing the area near the Alcoa 
facility and Dredge Island have tissue concentrations indicating that they 
may have been injured.  Injury may have occurred through decreased 
survival and reproduction through exposure to excess levels of methyl-
mercury through the benthic food web. 

• Resident shorebirds– Shorebirds feeding in bayside habitats on aquatic 
organisms may be exposed to excess concentrations of methyl-mercury, 
especially in habitats located near the Alcoa facility and Dredge Island.  
Injury may result through reduced survival and/or reproduction of resident 
shorebird species. 

The types of habitats that were potentially affected and for which exchange ratios are 
needed includes: 

• Soft sediment bay bottom– This habitat includes soft sediments in 
areas of the bay where the bottom resides at a water depth between 2 
and 8 feet below mean sea level.  Critical characteristics for 
evaluation of this habitat include benthic infauana, epifauna, and 
attached flora (mainly algae).  The overlying water concentrations do 
not show excess concentrations of chemicals of interest.  Therefore, 
the critical characteristics that should be considered in the evaluation 
of this habitat do not include benefits for phytoplankton and 
zooplankton populations and productivity in overlying water. 

• Scattered shell/soft sediment bay bottom– This habitat is similar to 
soft sediment bay bottom but includes scattered clusters of oyster 
shell and mussels.  This is composed of bay bottom where water 
depth is between 2 and 8 feet below mean sea level.  The scattered 
shell offers additional habitat structure beyond that provided by soft 
sediments alone.  As in the previous habitat the critical characteristics 
do not include phytoplankton and zooplankton utilizing the overlying 
water. 

• Intertidal marsh and mudflats– This habitat includes bayshore intertidal 
zones dominated by smooth cordgrass (Spartina alterniflora) and marshhay 
cordgrass (Spartina patens). This habitat type also includes adjacent or 
contiguous patches of unvegetated mudflat.   The emergent vegetation in the 
vicinity of the Alcoa facility and Dredge Island that are potentially injured are 
narrow bands of marsh along the shoreline.  They vary seasonably in size 
and configuration with biomass fluctuating from year to year. The critical 
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characteristics of this habitat type include benefits from benthic infauna, 
epifauna, macrophytic vegetation, attached flora on sediments, and other 
attached substrate as well as benefits for populations of shorebird and finfish 
(especially juvenile and larval forms).  The critical characteristics of this 
habitat do not include biota of the overlying water column such as 
phytoplankton or zooplankton. The mudflat habitat are typically adjacent to or 
contiguous with the fringe marsh with critical characteristics of benthic 
infauna and epifauna. 

• Shallow channel bottom – The shallow channel area is dredged to a depth 
of between 8 and 12 feet. This habitat is dredged periodically to maintain a 
navigable channel and experiences frequent use by barge and tug boat 
traffic.  The bottom is characterized as clay overlayed with finer sediments 
that collect on the bottom between dredge events. The  critical characteristics 
of this habitat include benthic infauna, epifauna utilizing sediments and other 
attached substrate. Since chemical concentrations in the water column are 
not of concern, the injury to this habitat does not include pelagic species 
associated with the water column such as phytoplankton or zooplankton.  

• Deep channel bottom – The deep dredge channel is greater than 12 feet, 
typically at a depth of 35 to 40 feet below mean sea level.  The channel was 
dredged into native clay materials but soft sediments collect in the channels 
between dredging events.  Dredging occurs on a biannual basis. This habitat 
experiences frequent barge, tug boat, and large ship traffic. Critical 
characteristics of this habitat to consider include benthic infauna, epifauna 
and other attached substrate. Since chemical concentrations in the water 
column of the channel are below levels of concern, the critical characteristics 
of this habitat do not include zooplankton, phytoplankton, or overlying water.  

As described above for each habitat type, the over-lying water is not contaminated to 
levels that are expected to cause injury to water column organisms or services. 
Therefore, the evaluation of relative service contributions should primarily consider the 
contribution of sediments and the services provided by the attached flora, epibenthic 
organisims and benthic infauna to finfish and shorebirds populations. 

The types of habitats that are planned to be created to compensate for the injuries to the 
above habitats and their services include: 

• Emergent intertidal marsh – Similar to the intertidal fringe marsh/mudflats 
described above, this habitat includes marsh of bay shore intertidal zones 
dominated by smooth cordgrass (Spartina alterniflora) and  marshhay 
cordgrass (Spartina patens).  However, this habitat will differ from the fringe 
marsh in that it will be constructed with greater lateral depth, with a system of 
channels and swales to promote water exchange, and channel entrances that 
provide access for finfish and crabs. 

• Oyster reef – The oyster reef habitat is composed exclusively of hard 
substrate.  The habitat is composed of aggregated oyster shell that provides 
substrate for large populations of non-reef building encrusting organisms. The 
shells of live and dead oysters are encrusted with bryazoans, sponges, 
barnacles, mussels, anemones, slipper shells and algae. 

In order to calculate the number of acres of marsh or oyster reef that should be created 
to compensate for these injuries Trustees need assistance in estimating the relative ratio 
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of relevant services provided by the types of habitat that were injured and those that will 
be created. The categories of ecological function that should be considered in trying to 
develop a best professional judgement estimate of exchange ratios includes the 
following: 

• Primary production – For the purposes of this exercise, primary production 
is defined as the photosynthetic production of emergent and submerged 
vegetation, attached flora, and photosynthetic microbes. This ecological 
function includes the contributions of emergent, submerged, and sub-
sediment biomass, but does not include the contribution of free-floating 
vegetation or pelagic phytoplankton. 

• Secondary production – Secondary production is defined as the production 
of heterotrophic microbes and macrobenthos that feed on primary production 
and organic detritus.  Secondary producers include bacteria, microbenthos, 
and macrobenthos.  This ecological function includes the production of 
benthic infauna and epifauna, but does not include the production of 
planktonic or free swimming organisms. 

• Benefits to fish and decapods– This ecological function includes the 
services and resources provided to finfish and decapod crustaceans.  The 
resources provided primarily include food and/or cover for protection from 
predators and substrate for shelter or reproduction.  The function includes 
benefits provided to all life stages and age classes of fish and crustacea. 

• Organic detritus production– This ecological function involves the 
production and distribution of dissolved and particulate organic matter.  
Organic detritus is produced by the incomplete decomposition of organic 
matter and is derived from dead plants, dead animals and animal feces.  
Organic detritus is an important factor in the complex benthic food web. 

• Decomposition and remineralization – This function involves the 
production of inorganic minerals (nutrients) through the complete 
decomposition of organic matter by bacteria and fungi.  Complete 
decomposition of organic matter releases inorganic nutrients and gases that 
reenter their respective nutrient cycles. Released minerals include nitrogen, 
carbon, phosphorus, sulfur, potassium, magnesium, and silicon. Released 
gases include carbon dioxide, nitrogen, and sulfur dioxide.  Remineralization 
is the result of aerobic and anaerobic decomposition. 

Instructions 

After being shown examples of the types of habitats that were injured or may be created 
as a restoration project, please consider the five categories of ecological functions that 
are listed above.  The goal is to develop a best professional judgement estimate of the 
relative service provision of each of the habitats of interest compared to that of marsh 
and oyster reefs, the preferred habitat types for restoration.  Please consider the habitats 
as you think normal, healthy habitats of this type would function in Lavaca Bay. 

The Trustees and Alcoa will consider the relative value of created versus natural oyster 
reefs and marshs as a separate issue.  Therefore, for this habitat evaluation should only 
consider the relative contributions of fully functional, mature habitat. 

Ask the Trustee and Alcoa representatives any questions you may have concerning the 
exercise, and feel free to exchange thoughts with other experts.  After the discussion, 
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please individually fill out the following two tables for the relative value of the habitats of 
interest compared to the possible restoration habitats (valued as 100).  Please use 
whole numbers (e.g., 1,5, 33, etc.) 

 
 
Habitat Relative Value 
Oyster Reef 100 
Soft sediment bay bottom >2 ft to 8 ft 
water depth 

 

Scattered shell/soft sediment bay 
bottom >2 ft to 8 ft water depth 

 

Intertidal marsh and mudflats <2 ft 
water depth to high tide line 

 

Shallow channel bottom (8-12 ft water 
depth) 

 

Deep channel bottom (35-40 ft water 
depth) 

 

 
 
 
Habitat Relative Value 
Marsh 100 
Soft sediment bay bottom >2 ft to 8 ft 
water depth 

 

Scattered shell/soft sediment bay 
bottom >2 ft to 8 ft water depth 

 

Intertidal marsh and mudflats<2 ft 
water depth to high tide line 

 

Shallow channel bottom (8-12 ft water 
depth) 

 

Deep channel bottom (35-40 ft water 
depth) 
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Hydrodynamic Salinity Model Results 
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1.0 EXECUTIVE SUMMARY 

The hydrodynamic and salinity modeling for the MSCIP was performed using the DHI 
Water and Environment’s MIKE3-FM modeling system.  The system solves the three-
dimensional incompressible Reynolds averaged Navier-Stokes equations under the 
assumptions of Boussinesq and of hydrostatic pressure. Thus, the model consists of 
continuity, momentum, salinity, and density equations and is closed by a k-ε turbulent 
closure scheme. The free surface is taken into account using a sigma-coordinate 
transformation approach. The model is fully three dimensional (there are no two 
dimensional, or depth averaged, elements within the domain) and uses six uniformly 
spaced vertical layers.  The same model can also be run in two dimensional, depth 
averaged mode.  The model consists of approximately 5,500 nodes and 9,500 elements to 
represent the Matagorda Bay system.  The elements vary from length scales of 
approximately 60 m within the Matagorda Ship Channel (MSC) to greater than 3 km 
offshore.   

The bathymetry for the model is compiled from a number of sources and surveys 
including the U.S. Army Corps of Engineers (USACE) Galveston District, USACE 
Engineer Research and Development Center (ERDC), and NOAA. Bathymetry within the 
bay segments of the MSC is taken from a July 2004 USACE Galveston District pre-
dredge survey.  Bathymetry within the jetty channel segment of the MSC is taken from a 
2002 USACE ERDC survey.  The flood shoal of Pass Cavallo, the Gulf Intracoastal 
Waterway (GIWW), and Colorado River Diversion Channel bathymetry area also from 
recent (1999 to 2004) USACE Galveston District and ERDC surveys.  The majority of 
the areas within Matagorda and Lavaca Bay adjacent to the MSC are from 1993 NOAA 
surveys. Areas farther from the channel and offshore are from older (1934 to 1938) 
NOAA surveys.  Two important areas for which no recent bathymetry was found were 
the mouth of the Colorado River Diversion Channel and the ebb shoal of Pass Cavallo; 
for both of these areas bathymetry was synthesized based on available partial data 
including aerial photographs, ADCP survey bottom returns, and discussions with local 
captains familiar with the areas. Bathymetry in the upper portion of Colorado River is 
approximated based on cross section area and velocity measurements at USGS stream 
gauge locations.  

The model boundary and forcing conditions are described in the following paragraphs.  
Offshore water level boundaries are created from measured water levels at Corpus Christi 
(Bob Hall Pier).  The meteorological component of the water level is determined by 
subtracting out the predicted water levels based on NOAA tidal constituents.  The 
meteorological component is then filtered using a 4-hour moving average low pass filter 
to remove high-frequency (approximately 1 hour), nearshore effects from the data and 
added back into the predicted tide to produce the time series used at the offshore 
boundary of the Matagorda Bay model.  The water levels are adjusted to local mean sea 
level (MSL).  In addition, a steady alongshore current is added to the Gulf of Mexico 
portion of the domain. The current promotes the exchange of freshwater from Matagorda 
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Bay with the offshore more saline waters and should represent average offshore 
conditions.  The current was imposed by applying a constant slope of approximately 0.05 
m between the two lateral (cross-shore) offshore boundaries which resulted in current 
velocities of 0.1–0.25 m/s depending on local depth with constant direction from 
northeast to southwest. 

Freshwater inflows are based on USGS gauged river discharge measurements and water 
release records from Lake Texana provided by the Lavaca-Navidad River Authority 
(LNRA).  For the ungauged streams and for the partially gauged streams, inflows are 
synthesized from nearby gauged areas based on a ratio of drainage basin areas.  Wind 
forcing is based on NOAA wind records from Palacios airport, which is located 
immediately north of Matagorda Bay.  A few periods of missing wind data at Palacios 
airport were replaced with data from Port O’Connor Texas Coastal Ocean Observation 
Network (TCOON) station, since the two stations were found to report very similar wind 
conditions.  In addition, daily rainfall from Palacios airport and monthly average 
evaporation rates from nearby Lake Texana were used in the model.  These parameters 
(wind, precipitation and evaporation rates) are applied uniformly throughout the domain. 
Lastly, offshore salinity boundary conditions are based on long-term monthly averages at 
Galveston (Cochrane and Kelly, 1986). 

The model was calibrated and evaluated using salinity and hydrodynamic data collected 
specifically for this purpose during September–December 2005.  During this period there 
was relatively low freshwater inflow into the system; therefore, an additional validation 
period of September 2001 was chosen and simulated to assess the model performance 
under different hydrologic conditions.  The model results were compared against long 
term salinity measurements from the Texas Water Development Board (TWDB) and 
Lower Colorado River Authority (LCRA) during additional time periods.  The model had 
good calibration results and also performed well in the validation periods. 

Three scenarios were simulated for assessment of salinity impacts due to the proposed 
project.  Each scenario was simulated for both the existing conditions and for the 
proposed conditions including channel modifications, in-bay placement areas, and 
proposed modifications to the Jetty Channel (based on U.S. Army Corps of Engineers 
Galveston District’s presently preferred alternative to remove the “bottleneck” on both 
sides of the jetties).  These scenarios included a low inflow condition (based on the 
critical inflows determined by the most recent Freshwater Inflow Needs Study (LCRA et 
al, 2005) for Matagorda Bay), a median inflow condition (based on long-term gage 
records for the Colorado and Lavaca Rivers), and a high inflow condition (based on 
actual conditions during August 1998 through February 1999).  In addition, a hurricane 
simulation was conducted in the two dimensional mode of the model to assess the project 
effect on water level difference due to such an event.  Results from these simulations are 
presented. 

In general the results of the modeling effort showed a small increase in bottom salinity 
for the low inflow condition, typically less than 0.5 PSU in Lavaca Bay.  The median 
inflow scenario showed an average bottom salinity increase of 1.5 to 3 PSU in Lavaca 
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Bay with largest difference in the later months of the scenario.  The high inflow scenario 
showed the largest bottom salinity increase, with an average 3 to 6 PSU typical in Lavaca 
Bay and along the ship channel.  There was little difference seen in any of the scenarios 
for the eastern portion of Matagorda Bay including near the Colorado River Diversion 
Channel.  The hurricane scenario showed generally less than 10% differences in peak 
surge elevation. 

The developed model is based on state-of-the-art methodology and delivers the best 
available set of tools for predicting hydrodynamics and salinity exchange in a complex 
environment like Matagorda Bay.  As the model has high capabilities, each application 
requires finding a balance between available resources and desired accuracy.  Accuracy 
of the numerical scheme mainly depends on the spatial and temporal resolution used in 
the model, while the boundary conditions have a greater effect on the overall model 
performance. 

The developed model is found to perform well within the margins determined by 
uncertainties in applied boundary conditions and the model results accurately compare to 
available measurements within a certain level of measurement errors.  The model 
performs the best during typical river inflows (such as median inflows) and is very well 
suited to assessing long term average salinities and salinity changes.  The only model 
limitation determined was when a highly stratified flow is generated.  This happens 
during and immediately after an event of high river inflow into Lavaca Bay.  In such a 
case, the model initially underestimates the degree of stratification, which results in 
overall under-predicting of the absolute values of salinity. However, as time progresses 
the actual stratification levels reduce due to mixing ongoing in the bay and are better 
predicted by the model, the model results start converging to the expected levels of 
salinity. 

Based on model verification simulation of an over two month period, the average error in 
prediction of absolute salinity levels in Lavaca Bay during very high river inflows is on 
the order of 2.5–3 PSU with a tendency to under-predict actual values.  This systematic 
error also depends on the total inflow, i.e. for a smaller event the error is less, and on the 
duration of recovery period simulated, as averaging over a longer period also reduces the 
error. 

During low and median inflows, the errors in Lavaca Bay are on the order of 1 PSU with 
a tendency to over-predict actual values based on model verification simulation.  At these 
inflows, the vertical stratification in the bay is low except for deep areas such as in the 
navigation channel, and is estimated most accurately. 

While the absolute values of salinity predicted by the model have some level of 
uncertainty, by calculating the differences between the results for existing and proposed 
conditions with the application of the same boundary conditions, a number of sources for 
errors are eliminated and systematic errors are reduced.  Differences calculated between 
long term averaged values are even more accurate.  Therefore, averages calculated over 
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one month and six month periods salinity fields and differences provide very accurate 
estimates for the expected changes in the bay system due to the proposed project. 
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2.0 INTRODUCTION 

Moffatt & Nichol (M&N) has developed a hydrodynamic and salinity intrusion numerical 
model required for evaluation of the proposed improvements of the Matagorda Ship 
Channel (MSC).  The model is primarily intended to assess changes in flow patterns and 
associated salinity changes in the Lavaca–Matagorda Bay system due to proposed 
improvements.  The improvements include widening and deepening the channel, 
construction of a new turning basin, and associated beneficial use and dredged material 
placement areas within the bay.  The proposed improvements would serve existing port 
users and proposed future users.  The purpose of this report is to describe the model 
development, calibration, and results. 

2.1 Project Background 

The Matagorda Ship Channel was constructed by the U.S. Army Corps of Engineers 
(USACE) with completion in 1963.  The channel runs through Matagorda Bay and 
Lavaca Bay to the Port of Port Lavaca–Point Comfort (PoPLPC) (Calhoun County 
Navigation District) in Point Comfort.  The channel serves the Alcoa Point Comfort plant 
along with Formosa Plastics, Texas, Liquid Fertilizer, Innovene, and other users.  The 
channel is also used by barge and other commercial traffic to Point Comfort and Port 
Lavaca. 

The channel cuts across the Matagorda Peninsula approximately 2 miles east of Pass 
Cavallo, the natural inlet to Matagorda Bay.  New jetties were constructed at the entrance 
to the Gulf of Mexico.  Upon completion of the new inlet, Pass Cavallo began closing as 
more flow came through the new inlet.  This led to increased tidal currents in the new 
jetty channel and the channel became scoured beyond the original depth in many areas.  
At present the continuing scour in the Jetty Channel threatens the stability of the jetties. 

The U.S. Army Corps of Engineers (USACE) Galveston District has begun a Feasibility 
Study to address modification of the jetties to increase stability in the Jetty Channel. 

2.2 Navigation Channel Features 

The navigation channel from the offshore fairway to Point Comfort is shown in Figure 
2-1.  The MSC is a 22 mile long deep water channel from the Gulf of Mexico to Point 
Comfort.  The channel is protected and kept open with jetties at the Gulf entrance.  The 
MSC is maintained by the USACE to a depth of 38 ft Mean Low Tide (MLT) in the Sea 
Bar Channel and Jetty Channel and 36 ft MLT through the Matagorda Peninsula land cut 
to the 900 ft by 1,000 ft Point Comfort Turning Basin.  MLT is a local datum for the 
USACE Galveston District.  (MLT is roughly related to extreme low tides caused by cold 
front passages; however, it is defined based on local knowledge of tidal histories and is 
not rigorously or consistently defined throughout the District.)  A depth of 36 ft MLT is 
equivalent to approximately 37.2 ft mean lower low water (MLLW).  When dredged, an 
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additional 2 ft of advanced maintenance dredging is required and up to 2 ft of overdepth 
dredging is allowed.  In general, maintenance dredging material is placed in submerged 
spoil areas to the east of the channel.  The MSC has a maintained bottom width of 300 ft 
in the Jetty Channel (scour between the jetties has greatly deepened and widened the 
channel in that segment) and typically 200 ft in the reaches landward of the Jetty 
Channel. 

2.3 Meteorological Climate 

A wind rose for Port O’Connor based on data from 1995–2006 (hourly data collected by 
Texas Coastal Oceanographic Observation Network, TCOON) is presented in Figure 2-2.  
Predominant winds are from the south–southeast at under 20 knots.  In addition to high 
winds due to thunderstorms and cold-front passages, severe tropical storms can affect the 
MSC.  Tropical storms are relatively infrequent, with a reoccurrence interval of several 
years.  The central Texas Coast is semi-arid with evapotranspiration near or greater than 
annual precipitation.  The region is influenced both by continental weather patterns, such 
as strong cold front passages during winter months, and maritime weather patterns, such 
as sea breeze fronts and associated thunderstorms during summer months. 

2.4 Tidal Currents and Water Levels 

The tidal water levels are currently measured by the TCOON in two locations near the 
studied area in Port O’Connor and Port Lavaca (Table 2-1). They show an average 
diurnal fluctuation of approximately 0.3 m (1 ft), but the tidal ranges increase 
substantially when a cold front passes through the area. In those situations, the winds 
blowing from the south first push the offshore water inside the bay and then as the wind 
turns to the north, its north and east components push the water towards the western shore 
of the bay and out through the MSC Jetty Channel and Pass Cavallo. 
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Table 2-1: Tidal datums relative to Mean Lower Low Water (TCOON) 

Port O’Connor 
28°26.8’ N 96°23.8’ W 

Port Lavaca 
28°38.4’ N 96°36.6’ W Datum 

ft m ft m 
MHHW 0.79 0.239 0.93 0.283 
MHW 0.77 0.233 0.90 0.273 
MTL 0.40 0.122 0.48 0.145 
MSL 0.42 0.127 0.50 0.150 
MLW 0.04 0.011 0.06 0.017 

MLLW 0.00 0.000 0.00 0.000 
COE MLT 1.21 0.367 –1.17 –0.358 
NAVD 88 0.21 0.062 –0.17 –0.053 

 

 
Figure 2-1: Matagorda Ship Channel vicinity map 
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Joint Frequency Distribution (Annual)
Port O'Connor, TX (TCOON station 057)

Period of observations 1995-2006 (missing 7/1997-9/1998) (hourly)
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Figure 2-2: Wind rose from TCOON station 057 at Port O’Connor, TX 
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Currents within the bay segments of the MSC are typically below 1 knot and generally 
aligned with the ship channel.  However, the jetty channel typically experiences currents 
of 3 knots and can reportedly experience severe currents of up to 7 knots, also aligned 
with the ship channel.  These higher currents extend from just offshore of the jetties to 
near Bird Island at the intersection between the MSC and the Gulf Intracoastal Waterway 
(GIWW).  Cross currents may also be present at the offshore end of the jetties under 
certain conditions and to a lesser extent just inside the jetties where flow is not perfectly 
aligned with the channel axis. 
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3.0 DATA COLLECTION 

A successful model relies on field data that describes the natural system.  Quality data is 
needed for several reasons.  Sufficient data is necessary within the model regime to 
properly calibrate and verify the model.  This is a critical process in the development of 
any model, as it is necessary to ensure that a model can accurately represent historical 
processes before one can confidently say that it can be used to model future projected 
scenarios.  Such data must be available at areas of hydraulic importance as well as in 
areas where future projects are proposed. 

3.1 2005 Data Collection Effort 

As an associated but separate portion of the overall project, a data collection effort was 
undertaken by Evans-Hamilton Inc. (EHI).  The full details and results of the data 
collection program are given in the EHI report titled “Data Report Matagorda Bay Field 
Data Collection” (EHI, 2006).  The data collection effort consisted of deployment of four 
water level gauges, seventeen salinity gages, and two bottom mounted acoustic Doppler 
current profilers (ADCP’s) from September through December of 2005.  In addition, two 
periods of over-the-side ADCP transects were made, first in September and second in 
December, to measure current profiles at various locations, primarily at the Jetty 
Channel, Pass Cavallo, and the Colorado River Locks.  Figure 3-1 through Figure 3-4 
show the locations of the instrument deployments and over-the-side ADCP transect 
during this field data collection effort. 
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Figure 3-1: Data collection locations for Jetty Channel/Pass Cavallo area 

 
Figure 3-2: Data collection locations for Port Lavaca area 
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Figure 3-3: Data collection locations for mid-Matagorda Bay area 

 

 
Figure 3-4: Data collection locations for Colorado River area (Note: Land 
boundaries shown are outdated and not used for model) 
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3.2 Other Available Data 

In addition to the data collected specifically for this project, some other available data 
was used for model development and during the model calibration and validation phase.  
Data used for model boundary conditions and forcing, such as wind, water levels, 
freshwater inflows, salinities, and precipitation/evaporation, are described in the chapter 
on model development.  Additional salinity data from Texas Water Development Board 
(TWDB) and the Lower Colorado River Authority (LCRA) long-term salinity monitoring 
stations was used during model calibration and validation.  The locations of these stations 
are shown in Figure 3-5. 

 
Figure 3-5: LCRA and TWDB data collection locations 
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4.0 MODEL DESCRIPTION 

The hydrologic regime in the Matagorda Bay involves a complex system of channels, 
bays, marshes, lakes and inlets that convey fresh water from the Colorado River, Lavaca 
River, and other creeks to the Gulf of Mexico. This output is conveyed through two main 
inlets: Pass Cavallo, a natural inlet west of the bay and the Matagorda Ship Channel, a 
man made inlet created in the 1960’s.  

The Matagorda Bay system is meteorologically dominated as consequence of the large 
surface area-to-volume ratio of the bay in conjunction with the intensity and variability of 
meteorological forcing.  Because of the shallow depths mixing action of surface waves 
results in vertically homogeneous waters within the bay, except in deeper dredged 
channels.  There is a small variation in temperature throughout the bay system, 
amounting at the most of a few degrees Celsius.  Consequently, salinity dominates the 
density structure within the bay system. 

Analyzing such a complex system requires a model that can handle a wide range of flow 
conditions, physical phenomena and their mutual interaction. For this reason potential 
candidates include mainly three-dimensional models, where two dimensional numerical 
codes can be used to describe some marginal areas of the studied domain, in which the 
water column is well mixed and can be described by a depth integrated variable.  

The partial differential Navier-Stokes equations of fluid motion describe the interaction 
between motion and pressures locally.  Its integration to describe currents and pressure 
distributions throughout a fluid body is possible analytically only for the simplest 
geometry and flow conditions.  Similar remarks can be made about the advection-
diffusion equation.  If computation of tides and currents and of the transport of 
constituents such as salinity is necessary over complex geometries, then the use of 
numerical codes and computers is necessary. Several programs are available, each with 
its own advantages and disadvantages.  

There are different approaches to numerically integrating the equations over the domain.  
A finite-difference method represents the partial derivatives as numerical differences.  
The typical solution grid is a network of lines with nodes at the intersections. The partial 
derivatives are calculated with use of nearby points and boundary conditions.  A second 
approach is the finite-element method.  The solution domain is discretized into 
geometrical shapes, with nodes at the corners and/or throughout the element.  These can 
vary in size, facilitating detailed simulations where needed, and less detail elsewhere. A 
last approach is the finite-volume method which could be seen as a mix of the two 
approaches, where the discretization equations are obtained from integration over control 
volumes surrounding the grid nodes. Either numerical technique fits the domain with 
linear or quadratic relations such that the derivatives and other terms of the equation fit 
are solved at the node or on an element basis.  
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In development of any model the goals of the model must be taken into consideration as a 
perfectly developed model for one purpose may not be well suited to some other purpose.  
For example, a model developed for salinity changes on the order of years to decades 
may not be best suited for estimation of sedimentation processes on a very local scale 
from a single storm.  The goals of the hydrodynamic and salinity model developed for 
this project are: 

• Create a tool for assessing salinity impact of channel improvements under varying 
inflow conditions; 

• Provide three dimensional model to include vertical stratification and its influence on 
bay salinity distribution; 

• Provide sufficient model resolution to capture effects critical to salinity transport; 

• Provide higher resolutions in areas of greater impacts, decreased resolution in areas of 
lesser impact; and, 

• Optimize resolution to achieve goals with reasonable computational time. 

4.1 1-D Models 

The simplest, one-dimensional, discretization represents the flows and water surface in a 
channel by a succession of links and nodes. For the Matagorda Bay, this method is not 
suitable, due to the nature of the environment to reproduce numerically, so 1-D models 
were not taken into consideration.   

4.2 2-D Models 

Two-dimensional models go a step further by considering the circulation in the horizontal 
plane in large water-bodies such as lakes or estuaries.  The water surface elevation and 
velocity is represented at each of many points across the horizontal extent of the domain.  
The flow characteristics, however, are depth integrated or depth averaged across the 
water column at each computational node.  

A 2-D model is indispensable if the problem involves complicated circulation patterns in 
large ponds and lakes, however it requires that the physical phenomena to reproduce be 
uniform over the depth.  Careful planning and analysis is needed to develop the optimum 
trade-off between the density of the computational mesh or grid and the resulting run 
times and computer requirements.  It is customary to cover some areas with finer details 
and other, less critical areas, with a coarser mesh.  As described previously, there are 
three basic types of 2-D model solution techniques; finite difference, finite element and 
finite volumes methods.   
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A 2-D model can accurately represent hydrodynamics and salinity transport for many 
situations.  Only in cases where significant stratification occurs in the water body does a 
2-D model begin to have major differences from a 3-D solution.  For many cases, 
especially where stratification is not significant, the drastically improved speed of a 2-D 
model is preferable. 

4.3 3-D Models 

Three-dimensional models are similar to two-dimensional models, except that 
discretization of the vertical dimension is achieved by superimposed 2-D layers.  These 
layers may be horizontal, and their number reduces when the water depth decreases, or 
may divide the water depth in a constant number of layers over the entire water body 
(e.g., sigma coordinates).  The number of layers can range from two to ten or more.  For 
this reason a 3-D model allows each layer to interact vertically in the water column.  A 
three-dimensional model should be used when there is stratification in a water-body, such 
as where freshwater flows override an underlying salt-water wedge.  In the specific case 
of the Matagorda Bay, the two inlets to the Gulf and the constraint geometry of the 
Matagorda Ship Channel tend to cause some salinity stratification in channels, and near-
bed salinity distributions can remain high far inland, while similar distributions near the 
surface might be well mixed.  Three-dimensional models provide the most detailed look 
at a hydrodynamic system, yet have associated much longer computer simulation times. 

4.4 Mike 3 Flexible Mesh Model 

A number of models were assessed for applicability to the Matagorda Bay system.  This 
assessment is outlined in the prior report titled “Work Plan: Hydrodynamic and Salinity 
Modeling for Assessment of Matagorda Ship Channel Improvements”.  Three modeling 
systems were found to meet the general requirements: DELFT3D, MIKE3, and RMA.  
Two of these systems, DELT3D and MIKE3, have integrated components that can handle 
non-cohesive and cohesive sediment transport and multiple constituent transport, which 
were seen as possibly needed for future stages of the project.  Additionally, the three-
dimensional version of RMA in use by the USACE is not currently publicly available.  
Therefore, both MIKE3 and DELFT3D were found to be preferred alternatives. 
DELFT3D has some advantage in morphological modeling which was foreseen as 
possibly needed to address inlet changes; however, this portion of the work was later 
handled separately.  MIKE3-FM had some advantage in the use of an unstructured grid 
configuration with variable element size to create a more efficient model, especially for 
the navigation channel.  In the end, MIKE3-FM was chosen as the modeling system for 
use on this project. 

MIKE 3 FM is a modeling system developed by the Danish Hydraulics Institute (DHI) 
Water and Environment.  It consists of a finite volume/flexible mesh hydrodynamic 
program to which other modules can be added to address different phenomena.  These 
include wave action, advection-dispersion and sediment transport.  Pre- and post-
processing software is also included with the modeling system to ease input of data and 
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analysis of simulation results. The system solves the three-dimensional incompressible 
Reynolds averaged Navier-Stokes equations under the assumptions of Boussinesq and of 
hydrostatic pressure. Thus, the model consists of continuity, momentum, temperature, 
salinity, density equations and turbulent closure scheme. The free surface is taken into 
account using a sigma-coordinate transformation approach.  Complete description of the 
MIKE 3 FM model basis and solution techniques is given in the “MIKE 21 & MIKE 3 
Flow Model FM Hydrodynamic and Transport Module Scientific Documentation” (DHI, 
2005).   
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5.0 HYDRODINAMIC AND SALINITY MODEL DEVELOPMENT 

5.1 General Model Parameters and Mesh 

The H&S modeling for the MSCIP was performed using the DHI Water and 
Environment’s MIKE3-FM modeling system.  The system solves the three-dimensional 
incompressible Reynolds averaged Navier-Stokes equations under the assumptions of 
Boussinesq and of hydrostatic pressure. Thus, the model consists of continuity, 
momentum, salinity, and density equations and is closed by a k-ε turbulent closure 
scheme.  The k-ε turbulent closure scheme explicitly include turbulent damping due to 
stable vertical salinity gradients. 

Mesh dimensions were selected to represent areas important to the hydrodynamics of the 
system with sufficient resolution for the model objectives while limiting the number of 
elements.  The model consists of approximately 5,500 nodes and 9,500 elements to 
represent the Matagorda Bay system.  The elements vary from length scales of 
approximately 60 m within the Matagorda Ship Channel (MSC) to greater than 3 km 
offshore.  The model mesh is shown in Figure 5-1. 
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Figure 5-1: Model mesh and bathymetry 
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Figure 5-1: (continued) 
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Figure 5-1: (continued) 
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Figure 5-1: (continued) 

The free surface is taken into account using a sigma-coordinate transformation approach. 
The model is fully three dimensional (there are no two dimensional, or depth averaged, 
elements within the domain) and uses six uniformly spaced vertical layers.  The same 
model can also be run in two dimensional, depth averaged mode.     

The time step used is dependent on the mesh resolution via a Courant number limitation.  
Although the model may be stable at Courant numbers up to 1, a Courant number of less 
than 0.5 is recommended for the model.  A time step of 2.4 seconds was used for the 
model to satisfy this recommendation. 

5.2 Bathymetry 

Model bathymetry was compiled from a number of sources.  The most recently available 
bathymetry sources were used in most cases.  The bathymetry data sources are presented 
in Table 5-1 and Figure 5-2.  All bathymetry was converted from its original coordinate 
system to UTM Zone 14 (meters, NAD83) coordinate system.  The data sets were also all 
converted to NAVD88 vertical datum and then to MLLW at Port O’Connor using the 
datum conversion in Table 2-1. 
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Table 5-1: Bathymetry sources 

Location Source Agency Survey 
Date 

Original Coordinate System & 
Datum 

Matagorda Ship Channel USACE Galveston Dist. 
(Lorenzo Ramos) USACE 2004 NAD 1927 (ft) State Plane Texas 

South Central, MLT (ft) 
Matagorda Ship Channel 

at Jetties 
USACE ERDC (Nick 

Kraus) USACE 2002 NAD 1927 (ft) State Plane Texas 
South Central, MTL (ft) 

Matagorda Bay, Lavaca 
Bay, Tres Palacios Bay 

National Ocean Service 
Hydrographic Data Base NOAA 1993 NAD 1983 (m) UTM Zone 14, 

MLLW (m) 
Tres Palacios Bay and 

Carancahua Bay 
National Ocean Service 
Hydrographic Data Base NOAA 1934–1935 Geographic NAD 1983 (ft), 

MLW (m) 
Lavaca Bay & Keller 

Bay 
National Ocean Service 
Hydrographic Data Base NOAA 1934–1935 Geographic NAD 1983 (ft), 

MLW (m) 

Espiritu Santo Bay National Ocean Service 
Hydrographic Data Base NOAA 1934–1935 Geographic NAD 1983 (ft), 

MLW (m) 

East Matagorda Bay National Ocean Service 
Hydrographic Data Base NOAA 1934–1935 Geographic NAD 1983 (ft), 

MLW (m) 

Matagorda Bay National Ocean Service 
Hydrographic Data Base NOAA 1935 Geographic NAD 1983 (ft), 

MLW (m) 

Offshore Pass Cavallo National Ocean Service 
Hydrographic Data Base NOAA 1934–1935 Geographic NAD 1983 (ft), 

MLW (m) 
Offshore Matagorda 

Peninsula 
National Ocean Service 
Hydrographic Data Base NOAA 1938 Geographic NAD 1983 (ft), 

MLW (m) 
Offshore Matagorda 

Island 
National Ocean Service 
Hydrographic Data Base NOAA 1938 Geographic NAD 1983 (ft), 

MLW (m) 
Gulf Intracoastal 

Waterway 
USACE Galveston Dist. 

(Michael Nelson) USACE 2004 NAD 1927 (ft) State Plane Texas 
South Central, MLT (ft) 

Pass Cavallo USACE Galveston Dist. 
(James Worthington) USACE 1999 NAD 1983 (ft) State Plane Texas 

South Central, MTL (ft) 
Colorado River 

Diversion Channel 
USACE Galveston Dist. 

(Don Carelock) USACE 2004 NAD 1927 (ft) State Plane Texas 
South Central, MLT (ft) 
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Figure 5-2: Bathymetry Sources 

Due to bathymetry which was known not to fit present conditions, the bathymetry was 
modified in two areas.  These areas are the Colorado River Diversion Channel and Pass 
Cavallo ebb shoal.   

The Colorado River Diversion Channel has built an extensive delta formation of 
unconsolidated soft clay since its construction in 1992.  Due in part to the difficulty of 
surveying in such shallow water with soft bottom conditions, recent comprehensive 
surveys are not available.  A 2004 survey covers the channel for some distance into the 
delta, but does not cover the shallow end of the channel or delta formation itself.  During 
reconnaissance trips for the field data collection effort the area was observed.  Based on 
these qualitative observations and recent aerial photographs of the area, the bathymetry in 
the area was manually modified. 

Similarly, at the time of model development and calibration the Pass Cavallo ebb shoal 
had not been extensively surveyed in recent years.  The breaking wave conditions on the 
ebb shoal make surveying of this area difficult. The bathymetry in this area was likewise 
manually edited.  The editing was done based on qualitative observations of the area 
during field data collection, recent flood shoal survey, recent aerial photographs, 
knowledge of similar ebb shoal systems, and historic surveys.  As discussed later, the 
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good comparison of measured discharges through Pass Cavallo with model results was 
used to validate the assumed bathymetry. 

5.3 Tidal Boundary Conditions 

The model is forced with water level elevations specified at the Gulf of Mexico 
boundary.  The water level at the Matagorda Bay is mainly determined by the 
astronomical tide with some variations due to meteorological conditions (Kraus, 2005). 
Both astronomical and meteorological tides therefore need to be specified in order to 
accurately estimate the hydrodynamics.  Either measured or simulated water levels can be 
applied at the boundary.  Three cases are currently considered: 

• Measured water levels at a closely located station. 

• Predicted astronomical tide combined with measured meteorological tide. 

• Predicted astronomical tide combined with predicted meteorological tide. 

There are two tide stations located on the open Gulf in the region of the Matagorda Ship 
Channel entrance. These stations are situated on piers which are extended into the Gulf 
with measurements taken on the open coast.  Several other close stations locate inside the 
bays (see Table 5-2). Table 5-3 shows the tide constituents for the stations at Corpus 
Christi and Galveston together with a single location just offshore from the Matagorda 
Bay entrance.  The constituents for this offshore station were obtained from 
EastCoast2001 model (Mukai et al, 2002).  A comparison shows that the tidal 
constituents for all three areas are similar with the phasing at the offshore location being 
closer to the Bob Hall Pier. 

Table 5-2: Tidal stations in the Matagorda Bay region 

Station Location Latitude Longitude

087715101 Pleasure Pier Galveston, TX Gulf of Mexico 29.31 –94.7933 
087758701 Bob Hall Pier Corpus Christi, TX Gulf of Mexico 27.58 –97.2167 

0062 Ingleside Ingleside, TX Corpus Christi Bay 27.822 –97.2033 
087714501 Pier 21 Galveston, TX Galveston Bay 29.31 –94.7933 

0572 Port O'Connor  Matagorda Bay 28.452 –96.3883 
0332 Port Lavaca   Lavaca Bay 28.64 –96.61 

1 NOAA CO-OPS 
2 TCOON 
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Table 5-3: Tide constituents at Corpus Christi, Galveston, and offshore the 
Matagorda Bay (from EASTCOAST2001) 

Bob Hall Pier Pleasure Pier Offshore 
Name 

Amplitude Phase Amplitude Phase Amplitude Phase 
K1 0.16713 23.189 0.17702 27.427 0.16681 23.054 
O1 0.16464 25.731 0.16858 29.066 0.16372 25.421 
Q1 0.033811 8.443 0.033976 12.253 0.033548 8.218 
M2 0.068765 271.376 0.1129 286.667 0.062644 272.949 
S2 0.02705 269.454 0.046478 286.602 0.024202 271.299 
N2 0.013929 256.711 0.022426 267.805 0.012795 256.733 
K2 0.005738 256.57 0.008199 276.629 0.004917 256.727 
M4 0.003456 80.342 0.005322 178.817 0.002868 83.817 

 

Measurements from the stations at Bob Hall Pier near Corpus Christi and at Pleasure Pier 
near Galveston were analyzed for variability of tides at these two locations.  The 
meteorological tide can be approximated by a difference between measured water level 
and predicted astronomical tide at a given location as 

predmeas ηη −=Δ  (5-1) 

where Δ is the meteorological tide, ηmeas and ηpred are the measured and predicted water 
elevations correspondingly. The astronomical tide is calculated using known tide 
constituents.  

Dependence of the meteorological tide on wind was investigated to analyze an ability to 
build a simple regression model for the meteorological tide prediction. Wind 
measurements were compared to the rate of change of water level elevation.  Wind and 
water level data at Corpus Christi and Galveston were filtered with a 24 hour running 
mean filter for two periods—November and August 2004.  Although some correlation 
was found between the onshore-offshore wind and along coast wind components and the 
meteorological tide, it was concluded that the prediction of the meteorological tide based 
on local wind measurements with a simple regression model would be very inaccurate. 

Based on the analysis of available tide measurements and predictions, it was concluded 
that the best approach would be to use the measured tides with the meteorological tide 
filtered as needed for model stability.  Offshore water level boundaries are created from 
measured water levels at Corpus Christi (Bob Hall Pier).  The meteorological component 
of the water level is determined by subtracting out the predicted water levels based on 8 
tidal constituents (see above).  The meteorological component is then filtered using a 4-
hour moving average low pass filter to remove high-frequency (approximately 1 hour), 
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nearshore effects from the data and added back into the predicted tide to produce the time 
series used at the offshore boundary of the Matagorda Bay model.  The water levels are 
adjusted to local mean sea level (MSL).   

In addition, early calibration runs made apparent the importance of the alongshore 
currents in the Gulf of Mexico in promoting the exchange of freshwater from Matagorda 
Bay with the offshore more saline waters.  Due to the lack of data available to define such 
an alongshore current, a current of approximately 0.1-0.25 m/s, representing the average 
current conditions in the area, from northeast to southwest was imposed on the offshore 
portion of the model domain.  The current was imposed by applying a constant slope of 
approximately 0.05 m between the two lateral (cross-shore) offshore boundaries. 

5.4 Fresh Water Inflows 

More than two dozen rivers and creeks discharge their waters in to the Matagorda Bay 
system.  The amount of fresh water varies with time and greatly depends on the amount 
of rainfall in the region.  The total annual average river inflow is 157 m3/s (5548 ft3/s) 
including the Colorado River.  The Colorado River is the largest river of the system with 
the annual average inflow of 69 m3/s (2430 ft3/s). It discharges into the east part of 
Matagorda Bay through a diversion channel constructed in 1992.  Remaining volume of 
88 m3/s (3118 ft3/s) or 63% discharges from other gauged and ungauged drainage areas. 

The second largest source of fresh water is the Lavaca–Navidad River system, which 
discharges into Lavaca Bay in the northwest part of Matagorda Bay.  Its inflow is 
controlled by the Lavaca–Navidad River Authority through a constructed dam on Lake 
Texana. 

Direct influence of rivers on circulation in the bay system is limited to moderate-to-high 
flows, when the inflows can result in significant currents.  For the accurate model 
simulations time series of discharges from all streams are required.  The daily volumetric 
discharge rates and stream water levels are available from the USGS National Water 
Information System and Lavaca–Navidad River Authority for several main streams (see 
Table 5-4), while other streams remain ungauged. 

An assessment of the inflows to the system must estimate the ungauged flows, which are 
of two basic types.  One is the drainage area contributing to riverine flow between the 
lowermost stream flow gauging station and the mouth of the river, for which the total 
flow was estimated by adjusting the gauged flow for the additional drainage below the 
gauge.  The other is the completely ungauged watershed, usually the small-area coastal-
plain drainage adjacent to the bay, which may exhibit organized channel structure such as 
creeks and bayous or which may include poorly defined drainage patterns such as 
marshes or flats.  For these watersheds, the runoff was estimated from nearby gauged 
systems with similar size drainage areas. 
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5.4.1 Gauged Streams 

Gauge stations are locate on several main streams discharging into Matagorda Bay. The 
stations are usually locate at some distance upstream from the bay. Therefore only a part 
of river drainage area is covered by the gauge. This part is referred as the gauged area. 
The other part is located downstream of the gauge and also contributing to the total 
discharge, but is not metered. To estimate the total discharge measurements from a gauge 
station were multiplied by a coefficient calculated as ratio of the total drainage area to the 
gauged area: 

Gauged

Total
GaugedTotal DA

DAQQ =  (5-2) 

Using this method the discharges from Tres Palacios River, Garcitas and Placedo Creeks 
were estimated. The corresponding coefficients are shown in Table 5-4. 

The time series of mean daily discharge were interpolated to obtain hourly time series to 
be used as the fresh water inflow boundary conditions in the model. 

Table 5-4: Gauged streams included into simulations 

Drainage area, sq.mi 
Site1 Station name 

Gauged Contrib. Total2 
Ratio3 Period 

Colorado River             
8162500 Colorado Rv nr Bay City, TX 42240 30837 30837   5/1/1948 Present 

TresPalacios River             
8162600 Tres Palacios Rv nr Midfield, TX 145 145 329.8 2.2745 6/17/1970 Present 

Lavaca–Navidad River             
8164000 Lavaca Rv nr Edna, TX 817 817    9/1/1938 Present 
8164390 Navidad Rv at Strane Pk nr Edna, TX 579 579    10/1/1996 Present 
8164450 Sandy Ck nr Ganado, TX 289 289    10/1/1977 Present 
8164503 W Mustang Ck nr Ganado, TX 178 178    10/1/1977 Present 

8164504 E Mustang Ck nr Louise, TX 90.8 90.8    10/1/1996 Present 
  Lake Texana (LNRA)4     2288.5      

Garcitas Creek             
8164600 Garcitas Ck nr Inez, TX 91.7 91.7 371.3 4.0491 6/15/1970 Present 

Placedo Creek             
8164800 Placedo Ck nr Placedo, TX 68.3 68.3 117.8 1.7247 6/16/1970 Present 

Total     33944.4       
1 USGS gauge station 
2 From EDNA USGS 
3 Ratio of total drainage area to contributing 
4 Lavaca Navidad River Authority 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement   Rev: 0
Hydrodynamic and Salinity Model 

  

Page 36 of 126
 

 

5.4.2 Ungauged Streams 

One can expect that two streams with similar drainage areas (similar in size, type of soil, 
rainfall, evaporation rates, coverage, etc.) will have similar total discharges. Therefore to 
estimate discharges from the ungauged streams, data from closely located gauged stream 
were used. The corresponding correction coefficient is calculated as a ratio of the total 
drainage area of the ungauged stream to the gauged area: 

Gauged
Gauged DA

DAQQ =  (5-3) 

Table 5-5 presents the list of ungauged streams included into the simulations with 
corresponding gauge stations and correction coefficients. 

Table 5-5: Ungauged streams included into simulations 

Gauge station 
Stream name 

Drainage 
area1, 
sq.mi Site2 Name 

Gauged 
area, 
sq.mi 

Ratio3

Coloma Cr 131.87 8164800 Placedo Ck nr Placedo, TX 68.3 1.93 
Chocolate 

Bayou 119.20 8164800 Placedo Ck nr Placedo, TX 68.3 1.74 

Venado Cr 38.58 8164600 Garcitas Ck nr Inez, TX 91.7 0.42 
Huisache Cr 35.69 8164800 Placedo Ck nr Placedo, TX 68.3 0.52 

Keller Cr 48.17 8164800 Placedo Ck nr Placedo, TX 68.3 0.71 

Carancahua Cr 346.18 8162600 Tres Palacios Rv nr 
Midfield, TX 145 2.39 

Turtle Cr 57.86 8162600 Tres Palacios Rv nr 
Midfield, TX 145 0.40 

Total 777.54     
1 From EDNA-USGS 
2 USGS gauge station 
3 Ration of total drainage area to gauged area 

To verify the approximation measurements from four gauged streams (East and West 
Mustang, Garcitas and Placedo Creeks) were compared with the estimates derived from 
this approximation. Daily mean discharge rates (in ft3/s) were obtained from the USGS 
National Water Information System for the period of 10/04/2003–9/30/2005. Four cases 
were simulated (see Table 5-6) where the discharges for each stream were predicted 
based on the data from closely located gauged stream. 
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Table 5-6: Prediction of discharge from gauged data 

Case Stream Predicted based on: 
1 East Mustang Creek West Mustang Cr 
2 West Mustang Creek East Mustang Cr 
3 Garcitas Creek Placedo Cr 
4 Placedo Creek Garcitas Cr 

 

The comparison of predicted and measured discharges is shown in Figure 5-3. The log-
log plots of measured vs. predicted data are shown together with the line “y = x”. The 
plots demonstrate good overall agreement between datasets and validate the original 
assumptions. 
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Figure 5-3: Comparison of measured and predicted water discharges for East 
Mustang, West Mustang, Garcitas, and Palacios Creeks 
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5.4.3 Omitted Streams 

A number of ungauged streams with drainage areas less than 30 sq.mi was omitted from 
calculations. The total drainage area of the omitted streams is approximately 124 sq.mi, 
which is less than 0.5% of total drainage area included into simulations. A list of the 
omitted streams is presented in Table 5-7. 

Table 5-7: Streams not included into simulations 

Stream name 
Drainage 

area1, 
sq.mi 

Old Town Lake 3.30 
Boggy Bayou 3.44 

Sartwelle Lakes 4.49 
Lynn Bayou 5.98 
Broad Bayou 6.31 

West Branch Colorado R 7.21 
Sixmile Cr 7.70 

Hughson (Piper) Lakes 8.49 
Oyster Lake 11.22 

Robins Slough 16.96 
Mad Island Lake 29.82 
unnamed (total) 19.01 

Total 123.90 
1 From EDNA-USGS 
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Figure 5-4: Streams and watersheds of Matagorda Bay system. Omitted watersheds shown as dotted areas 
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5.5 Wind 

Winds play an important role in the circulation of Matagorda Bay.  Several sources of 
wind data are available, but have varying record lengths, sampling frequency, and data 
gaps.  A comparison was made of wind records from several stations. The wind field was 
found to be fairly homogeneous; therefore a spatially uniform wind field was used in the 
model.  The TCOON Port O’Connor, located on the water near the end of the Port 
O’Connor jetties, and NOAA Palacios airport, which is located immediately north of 
Matagorda Bay, records are closest to the bay.  The Palacios airport record has a longer 
record with fewer data gaps.  Therefore, wind forcing is based on NOAA wind records 
from Palacios airport. 

5.6 Precipitation and Evaporation Rates 

Similarly to wind, several sources of precipitation data are available.  On the long term 
these gauges tend to correlate very well; however, over the short-term there can be 
significant differences in precipitation over the coverage area.  Since precipitation 
directly affects only the open water of the bay and runoff from the much larger land areas 
is based on gauge records these local differences in precipitation are relatively 
insignificant and it was deemed acceptable to use one source for the entire model domain.  
Similar to wind data, the NOAA Palacios airport station provided the most consistent 
data source and is also near the center of the model domain.  Daily rainfall from Palacios 
airport was used in the model and applied uniformly throughout the domain. 

Evaporation can be either based on measurements or estimated in the model using an 
energy balance based approach.  The energy balance approach requires meteorological 
and thermodynamic data for implementation.  As temperature was not explicitly included 
in the model the energy based approach was not available.  Only one nearby source 
evaporation data is available, pan evaporation rate measurements by the LNRA at Lake 
Texana.  These rates are available as a monthly time series.  Generally a correction factor, 
with a typical value of 0.7, is used for pan evaporation measurements to account for the 
differences (such as temperature, rate of heat transfer, humidity, etc.) between an 
evaporation pan and an open water body.  Monthly average evaporation rates from 
LNRA with a 0.7 correction factor were used in the model and applied uniformly 
throughout the domain. 

5.7 Offshore Salinity 

Offshore salinity along the coast can vary significantly (approximately 10 PSU) over 
relatively short time period (order of days).  This variability is due to the wind-driven 
shelf circulation.  During some periods relatively fresh water is transported down-coast 
from the Mississippi River, while during other period relatively saline water from the 
Southern Gulf of Mexico is transported up-coast.  Unfortunately there is no consistent, 
long-term, high frequency (order of hourly to daily) time series of open coast salinities 
available.  Therefore, long-term monthly average conditions are the best available source 
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of offshore salinity estimates.  Consequently, offshore salinity boundary conditions are 
based on long-term monthly averages at Galveston (Cochrane and Kelly, 1986) and are 
shown in Figure 5-5.  (Offshore salinity variability is discussed further in the calibration 
section of this report.) 
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Figure 5-5: Average offshore salinity (from Cochrane and Kelly, 1986) 
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6.0 MODEL CALIBRATION 

6.1 Model Calibration and Validation Periods 

Two time periods were used for calibration and validation of the model.  The first time 
period was September through December 2005 and the second was August through 
October 2001.  For both cases, salinity initial conditions were created based on 
interpolation of available salinity data at or near the beginning of the simulation. 

6.1.1 Description of 2005 Calibration and Validation Periods 

For the purpose of model calibration and validation extensive instrumentation was placed 
in the Matagorda Bay system from September to December 2005 as discussed above.  
Salinity gauges from the field data collection operated in September. In October they 
were removed from service for cleaning and recalibration and replaced in service in late 
November.  In addition, measurements from long-term salinity gauges maintained by the 
Lower Colorado River Authority (LCRA) and Texas Water Development Board (TWDB) 
were available during this time period. 

The model parameters were calibrated for an initial “tide only” simulation and also 
against the September 2005 data (September 1 through October 5, depending on 
availability of data for each station). After the calibration was concluded, the model was 
run continuously from September through December 2005 and validated for the period 
between November 1 and December 14 (depending on availability of data for each 
station). 

During the September to December 2005 period there was relatively low freshwater 
inflow into the bay system.  There was also a moderate storm surge and winds generated 
by Hurricane Rita which made landfall at Sabine Pass, Texas.  During this period the 
salinity variation in Matagorda Bay is affected more by changes in offshore salinity than 
by freshwater inflows.  Due to the lack of high frequency (e.g., daily or more frequently) 
measurements of offshore salinity during model calibration, the monthly average salinity 
(Cochrane and Kelly, 1986) was used. The freshwater inflows, winds, offshore water 
levels, rainfall, and evaporation used for model boundary and forcing conditions during 
the September through December 2005 time period are given in Figure 6-1 through 
Figure 6-4. 
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Figure 6-1: Predicted astronomical and filtered measured water surface 
elevations at Corpus Christi (Bob Hall Pier) used as an offshore boundary condition 
for September–December 2005 period 
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Figure 6-2: Measured wind speed and direction at Palacios Municipal Airport 
during September–December 2005 used to force the model 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement   Rev: 0
Hydrodynamic and Salinity Model 

  

Page 46 of 126
 

 

Precipitation [mm/day] Evaporation [mm/day]

C
:\M

IK
Er

un
s\

M
at

ag
or

da
\P

re
c&

E
va

p\
Pr

ec
_P

al
ac

io
s_

20
05

.d
fs

0
C

:\M
IK

Er
un

s\
M

at
ag

or
da

\P
re

c&
Ev

ap
\E

va
p_

La
ke

Te
xa

na
.d

fs
0

September
2005

October
2005

November
2005

December
2005

   0

  20

  40

  60

  80

 100

  0

  5

 10

 15

 
Figure 6-3: Daily precipitation measured at Palacios Municipal Airport station 
and monthly average evaporation rate measured at Lake Texana for September–
December 2005 period as used to force the model 
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Figure 6-4: Measured and estimated river discharges based on USGS and LNRA 
data for 2005 simulation period as used to force the model 

Salinity measurements within Matagorda Bay near the entrances (Pass Cavallo and Bird 
Island stations) during flood tides indicate that there was considerable variation in the 
offshore salinity during this time period.  Sources of spatially consistent, high frequency 
(e.g., daily) offshore salinity measurements and/or model results were sought to 
determine the variability during this period.  Output from the Princeton–Dyanlysis 
oceanographic model (PDOM) of the Gulf of Mexico, maintained and supported by 
NOAA National Ocean Service (NOS) (NOAA-NOS, 2006), substantiated this relatively 
rapid and large variation in offshore salinities near the MSC.  The offshore salinity from 
the PDOM model at approximately mid-depth near the MSC jetties is given in Figure 
6-5.  In providing this data, NOAA noted that the wind forcing used in the model was 
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unavailable during Hurricane Katrina (September 1, 2005) and for two weeks thereafter.  
Therefore, it was agreed that the model results were not reliable to be used as boundary 
conditions for the Matagorda Bay model.  Due to the lack of a reliable data source for 
offshore salinity during this period a constant offshore salinity based on the long-term 
average salinity (Cochrane and Kelly, 1986) was used.  The PDOM results do, however, 
give an indication of the large salinity variability in a range of 6 practical salinity units 
(PSU) during this period.  The PDOM results also indicate rapid variations in offshore 
salinity, up to 4 PSU change over 1 week period. 
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Figure 6-5: Offshore salinity during September–December 2005 

6.1.2 Description of 2001 Validation Period 

The second time period used for model validation was August through October 2001.  
This time period was chosen due to the relatively large freshwater inflows which 
significantly decreased salinities throughout the bay system.  These high inflows were 
followed by decreased inflow and gradual increase in salinities throughout the bay 
system.  During this time period long-term salinity data from LCRA and the Texas Water 
Development Board (TWDB) were available and used to assess the model performance.  
The freshwater inflows, winds, offshore water levels, rainfall, and evaporation used for 
model boundary and forcing conditions during the August through October 2001 time 
period are given in Figure 6-6 through Figure 6-9. 
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Figure 6-6: Predicted astronomical and filtered measured water surface 
elevations at Corpus Christi (Bob Hall Pier) used as an offshore boundary condition 
for August–October 2001 period 
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Figure 6-7: Measured wind speed and direction at Palacios Municipal Airport 
during August–October 2001 used to force the model 
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Figure 6-8: Daily precipitation measured at Palacios Municipal Airport station 
and monthly average evaporation rate measured at Lake Texana for August–
October 2001 period as used to force the model 
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Figure 6-9: Measured and estimated river discharges based on USGS and LNRA 
data for August–October 2001 period as used to force the model 

6.2 Model Calibration Statistics 

Several statistical measured were used to help assess the model calibration and validation 
results.  These include the mean error (ME), root mean square (RMS) error, normalized 
RMS error, correlation coefficient (R), time delay or lag (ΔT), mean absolute error 
(MAE), and index of agreement (d).  These parameters are briefly described here.  Let x 
and y be the measured and calculated data respectively. Then the following statistics can 
be calculated: 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement   Rev: 0
Hydrodynamic and Salinity Model 

  

Page 51 of 126
 

 

Mean error (ME): 

yxME −=  (6-1) 

where “bar” denotes the sample mean. 

Root-mean-squared (RMS) error: 

( )2yxRMS −=ε  (6-2) 

To reduce an effect of measurement error and possible outliers, a 12 hour low-pass filter 
was applied to the measured data and a trend xf is determined. Then a normalized error is 
calculated as 

%100
min,max,

⋅
−

=
ff

RMS
norm xx

ε
ε  (6-3) 

where xf,max and xf,min are the maximum and minimum values of the trend xf. 

Correlation coefficient R was calculated using standard method and represents a non 
squared value. 

Time delay ΔT shows possible time difference between corresponding events in 
measured and calculated data. To estimate the delay, the cross-correlation function 
between measured and calculated data is computed and the smallest time lag at which a 
maximum of function occurs is determined. Because the cross-correlation function is 
calculated from discrete data, the resulting time resolution may not be sufficient to 
accurately define a maximum. Therefore, computed values of the cross-correlation 
function were interpolated with a piecewise polynomial of 5th order, which was then used 
to determine the exremum. 

Mean absolute error (MAE): 

yxMAE −=  (6-4) 

Model prediction capability was estimated with an index of agreement between measured 
and calculated data (after Willmott, 1982 and Willmott et al., 1985): 

( )2
2)(1

xyxx

yxd
−−−

−
−= , 10 ≤≤ d  (6-5) 
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6.3 Model Calibration and Validation Results 

The model calibration began with calibration of the astronomical tides using the period of 
September 11 to October 12, 2005.  Following the astronomical tidal calibration, the 
period of September 1 to October 5, 2005 was used for calibration and adjustment of the 
model parameters (friction, eddy viscosity, dispersion coefficients, and offshore current) 
by comparing measured water levels, discharges, velocities and salinities to model 
results.  Once the model calibration was completed, a continuous model simulation from 
September 1 to December 14, 2005 was performed. Results from the period November 1 
to December 14, 2005 were used for model validation.  The model was further validated, 
without adjustment, for salinity response to higher freshwater inflows for the period of 
August through October 2001.  The calibration and validation results are presented here 
on the basis of tidal calibration, water level and hydrodynamic calibration and validation, 
and salinity calibration and validation.  

6.3.1 Astronomical Tidal Calibration 

The model was calibrated to reproduce the astronomical tidal variability in the Bay 
system.  Three month period of September 10 through December 4, 2005 was simulated 
in the 2D model.  No additional inputs—freshwater inflows, wind, precipitation and 
evaporation rates—were included in the simulation.  Model mesh (associated to the 
bathymetry resolution), and parameters for bottom friction and horizontal viscosity were 
adjusted during the calibration process. 

For the present analysis an offshore boundary condition was created based on the long 
term NOAA tidal harmonics at Corpus Christi (Bob Hall Pier station). Only eight 
constituents (Q1, O1, K1, N2, M2, S2, M4, and M6) were used to force the model and the 
same constituents were used for comparison between measured and predicted water 
levels.  

The eight astronomical tidal constituents were extracted from measured water levels four 
water level gauges placed for this study within Matagorda Bay.  Because of short length 
of available data, accuracy in extracted tidal constituents may affect calibration results.  
An additional analysis was done to estimate the uncertainty due to the duration of 
observations. 

During the time period used for calculating constituents a fairly significant storm surge 
due to Hurricane Rita was experienced.  To estimate the effect that the meteorological 
component in the measured water levels has on extracted astronomical tidal constituents, 
an analysis with Monte-Carlo simulations was performed.  At each station an 
astronomical tidal components were calculated from the available measurements, and the 
meteorological tide was determined as difference.  For each simulation a 90 day water 
level time series was constructed from the astronomical and meteorological components, 
in which the later was applied with a random phase shift.  Additionally, a normally 
distributed time dependent random error with RMS of 3 cm was introduced to account for 
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a measurement error.  A set of 8 constituents were extracted from each simulation, and 
their statistics were calculated.  A total of five hundred simulations were performed for 
each station.  The results were gathered into tables below. In Table 6-1 the normalized 
errors of amplitudes are shown.  They were calculated as a range of amplitudes calculated 
in the Monte-Carlo simulations divided by the mean value.  The errors are presented in 
percents relative to average amplitude, and vary between 7 and 48% for the largest 
constituents (O1, K1, and Q1).  In Table 6-2 the corresponding errors in phase are 
presented in minutes (recalculated based on the constituent’s speed).  The probable phase 
difference was estimated to be between 19 and 115 minutes for the O1, K1, and Q1 
constituents.  The conclusion of this analysis is that the meteorologically driven water 
level changes, particularly due to the storm surge, have large effect on estimation of tidal 
constituents over short time periods. 

Table 6-1: Estimated normalized amplitude errors in percent based on Monte-
Carlo simulations for eight derived tidal constituents 

Station Q1 O1 K1 N2 M2 S2 M4 M6 
Bird Island 39 7 43 176 49 107 115 254 

Colorado River 32 10 26 187 54 157 103 229 
Pass Cavallo 40 7 37 78 25 71 125 219 
Port Lavaca 42 10 48 213 42 108 261 296 

Port Lavaca (TCOON) 43 11 46 208 41 107 287 292 
Port O'Connor (TCOON) 43 8 42 190 49 100 122 289 

 

Table 6-2: Estimated phase error in minutes based on Monte-Carlo simulations 
for eight derived tidal constituents 

Station Q1 O1 K1 N2 M2 S2 M4 M6 
Bird Island 104 21 102 435 61 149 78 247 

Colorado River 102 25 66 412 62 249 68 246 
Pass Cavallo 115 19 85 103 34 74 86 247 
Port Lavaca 106 29 111 560 51 146 370 247 

Port Lavaca (TCOON) 103 22 109 606 48 179 370 248 
Port O'Connor (TCOON) 94 22 99 308 66 127 68 245 

 

In order to accurately extract constituents with very similar periods, longer records are 
needed.  Note that it is the “interaction” between O1 and K1 that produces the spring–
neap cycle and the “interaction” of these two constituents with the smaller Q1 produces 
the inequality between various fortnights of the spring–neap cycle. Fairly long time series 
are needed to produce the multiple spring-neap cycles needed to accurately distinguish 
these constituents.  The short period of analyzed data, in combination with the storm 
events during the period, resulted in significant error in estimation of the relative 
amplitudes of K1 and O1 constituents and magnitude of Q1 constituent.  
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The results of the simulation were compared to derived astronomical tides from the 
available measurements during a 3 month period (see Figure 6-10 and Table 6-3). The 
results showed that the tidal signal propagates through the model very well. Comparison 
of the time series at Port Lavaca based on long term constituents derived by NOAA 
(TCOON station), shows that phase and amplitude both have excellent calibration.  At 
the Port Lavaca station placed for this project (which has 3 month available 
measurements) the estimated errors and phase shift are higher, which is a result of 
uncertainty in extraction of tidal constituents from a short term measurements having a 
large meteorological effect.  The Port O’Connor (TCOON) station has higher errors in 
prediction of astronomical tides, which most likely due to limited presentation of Espiritu 
Santo Bay in the model.  Overall the calibration results show very good agreement 
between the model and the predicted tides with typical RMS errors of 2.5 cm and phase 
shifts of 11 minutes on average with the relative errors much smaller than the possible 
errors due to extraction of constituents from measurements. The errors were found to be 
smaller than generalized accuracy of tidal datums for Gulf coast determined from short 
time series of measurements, which for a 3 month series is approximately equal to 4.6 cm 
(NOAA–NOS, 2003). 
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Figure 6-10: Results of model calibration run for September–December 2005 
period with predicted astronomical tide 
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Figure 6-10: (continued) 
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Table 6-3: Summary of results of model calibration run for September 2005 
period with predicted astronomical tide 

Station RMS 
error, m 

Norm. 
RMS 

error, % 

Corr. 
coef. 
(R) 

Mean 
absolute 
error, m 

Index of 
agreement (d) 

Time lag, 
min 

Pass Cavallo 0.028 12.8 0.96 0.02 0.98 59 
Port O'Connor (TCOON) 0.045 20.2 0.89 0.04 0.94 75 

Bird Island 0.019 8.6 0.99 0.02 0.99 30 
Port Lavaca (TCOON) 0.01 3.9 1.00 0.01 1.00 -14 

Port Lavaca 0.024 9.4 0.98 0.02 0.99 32 
Colorado River 0.022 8.4 0.99 0.02 0.99 -18 
Total average 0.025 10.6 0.97 0.02 0.98 27 

 

6.3.2 Water Level and Hydrodynamic Calibration 

To complete the calibration of the hydrodynamic model, a full 3D numerical model was 
developed using the mesh and parameters defined as part of the astronomical tidal 
calibration. In addition, the model uses the boundary and forcing conditions described in 
the Model Description section. 

Water level calibration and validation runs for the period of September through 
December 2005 are presented in Figure 6-11 and Table 6-4.  The water levels show 
excellent calibration with typical RMS errors of 0.06 m and phase shifts of approximately 
45 to 60 minutes.  The propagation of the storm surge from Hurricane Rita throughout the 
Bay system was very well reproduced by the model. This is despite of the inaccurate 
surge level introduced in the model by applying measured data from Corpus Christi (Bob 
Hall Pier) station, which is even farther from the landfall site than Matagorda Bay. 
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Figure 6-11: Results of model calibration run for September 2005 period: 
comparison of water surface elevations 
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Figure 6-11: (continued) 
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Table 6-4: Summary of results of model calibration run for September 2005 
period: comparison of water surface elevations 

Station RMS, 
m 

Norm. 
RMS, % 

Corr. 
coef. (R) 

Time 
lag, 
min 

Mean 
error, m 

Mean 
absolute 
error, m 

Index of 
agreement (d) 

Pass Cavallo (PC) 0.062 6.0 0.94 72 -0.03 0.049 0.97 
Port O'Connor 

(TCOON) 0.052 5.2 0.96 68 0.01 0.035 0.98 

Bird Island (BI) 0.046 4.6 0.97 33 -0.07 0.073 0.95 
Port Lavaca (PL) 0.055 6.0 0.95 41 0.09 0.099 0.92 

Colorado River (CR) 0.087 6.9 0.89 52 0.08 0.092 0.90 
Total average 0.060 5.7 0.94 53 0.02 0.070 0.94 

 

Velocities were also compared for the two bottom mounted ADCP instruments as 
presented in Figure 6-12, Figure 6-13, Table 6-5, and Table 6-6.  The velocities at the 
Matagorda Bay Wave site, located in the central portion of Matagorda Bay east of the 
MSC, are relatively low, which resulted in an increase of measurement errors and 
corresponding calibration errors.  Overall, the results of velocity comparison are very 
good with an RMS error of 0.03 m/s (note that the RMS error of the measurements is in 
the order of 0.03 m/s).  The Bird Island ADCP was located just inside the MSC Jetties in 
a very dynamic area.  This area has a transition from very high velocities in the Jetty 
Channel to lower velocities in the bay and could be described as a jet.  The path of this jet 
is highly dependent on the local bathymetry (and, conversely, generates the 
morphological changes that create the bathymetry).  It is believed that the model 
bathymetry for this area, which is created from the available 1993 survey, may not 
accurately reflect the present conditions.  This assumption is supported by comments 
from the Matagorda Bay Pilots that currents in this area have changed significantly in 
recent years after the expansion of Bird Island (a.k.a. Sundown Island) as part of a 
beneficial uses of dredged material program.  Despite the complexity of the area, 
velocities at the Bird Island station are in a good agreement between model and 
measurement with an RMS error of 0.2 m/s (RMS error of measurement 0.35 m/s).  The 
magnitude of the ebb velocities is very well resolved by the model; however, the flood 
velocities are generally underestimated.  While the distribution of flood velocities is not 
perfectly simulated by the model, discharge volumes and therefore the exchange of water 
between the Bay system and the Gulf of Mexico is accurately simulated by the model as 
it is presented below. 
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Figure 6-12: Results of model calibration run for September 2005 period—
comparison for depth average flow velocity components, speed and direction 
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Figure 6-12: (continued) 
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Figure 6-12: (continued) 
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Table 6-5: Summary of results of model calibration run for September 2005 
period—comparison of depth average flow velocity components  

Station RMS, 
m/s 

Norm. 
RMS, % 

Corr. 
Coef. (R) 

Mean 
error, 

m/s 

Mean 
absolute 

error, m/s 

Index of 
agreement (d) 

Bird Island (BI), U 0.12 15.5 0.94 -0.01 0.082 0.97 
Bird Island (BI), V 0.233 15.6 0.96 0.08 0.186 0.94 

Matagorda Bay (MB), U 0.032 29.9 0.72 0.01 0.025 0.82 
Matagorda Bay (MB), V 0.025 15.9 0.92 0.00 0.019 0.96 

Total average 0.103 19.2 0.88 0.02 0.078 0.92 

 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement   Rev: 0
Hydrodynamic and Salinity Model 

  

Page 65 of 126
 

 

Calculated

Measured

11/06 11/13 11/20 11/27 12/04
0

0.5

1

1.5

2

2.5
Bird Island (Speed)

C
ur

re
nt

 s
pe

ed
, m

/s

11/06 11/13 11/20 11/27 12/04
−1

−0.5

0

0.5

1

1.5

2
Bird Island (V)

V
el

oc
ity

, m
/s

11/06 11/13 11/20 11/27 12/04
−1.5

−1

−0.5

0

0.5

V
el

oc
ity

, m
/s

S−D05F3D.0623d
Bird Island (U)

 
Figure 6-13: Results of model validation run for November–December 2005 
period—comparison of depth average flow velocity components, speed and 
direction, and water surface elevation 
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Figure 6-13: (continued) 
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Figure 6-13: (continued) 
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Table 6-6: Summary of results of model validation run for November-December 
2005 period: comparison of depth average flow velocity components  

Station RMS, 
m/s 

Norm. 
RMS, 

% 

Corr. 
Coef. (R) 

Mean 
error, 

m/s 

Mean 
absolute 

error, m/s 

Index of 
agreement (d) 

Bird Island (BI), U 0.088 12.5 0.97 -0.03 0.071 0.98 
Bird Island (BI), V 0.262 19.9 0.97 0.10 0.216 0.93 

Matagorda Bay (MB), U 0.026 24.1 0.87 -0.01 0.020 0.91 
Matagorda Bay (MB), V 0.035 16.7 0.85 0.01 0.026 0.92 

Total average 0.103 18.3 0.92 0.02 0.083 0.94 

 

It was noticed, that the North–South component of velocity at Bird Island location is 
lower than from measurements.  Two principal potential causes of the error were 
identified and were investigated: insufficient model resolution and/or inaccurate 
bathymetry. 

Model resolution was addressed through conducting several short runs with much higher 
resolution in the vicinity to assess differences with the existing model resolution.  The 
model resolution was approximately doubled in the jetty channel and near the bottom-
mounted ADCP.  Some small differences exist between the velocities at the bottom-
mounted ADCP between the two resolutions; however, the increased resolution does not 
significantly increase the flood velocities (see Figure 6-14). 

This area of the bay is very dynamic, both hydraulically and geomorphically.  The most 
recent available bathymetric survey data (collected in 1993) was used for the model; 
however, the bathymetry in this area may well have changed since the time of the survey.  
A comparison was made between the depths estimated from over-the-side ADCP 
measurements and available bathymetry data.  It should be noted that ADCP depth 
measurements are not considered a highly reliable source of bathymetric data; however, 
in the absence of more recent surveys, they may be a good indicator of actual bathymetry.  
This comparison indicates that the area immediately northeast of the bottom-mounted 
ADCP (direction of flood flow in the area) is significantly shallower (by up to 1 m in 8 m 
water depth) than in older bathymetric surveys.  Furthermore, an area further east of the 
bottom-mounted ADCP indicates that actual depths are much shallower (by 2 to 3 m in 
6 m water depth).  Location of the ADCP in correspondence to the model output location 
was also verified. There was no significant difference between flow velocities found in 
the vicinity of the original output location. 
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Figure 6-14: Flow velocity from fine and coarse resolution setups 

Comparison of over-the-side ADCP data to model output shows that the model produces 
lower velocity at the bottom-mounted ADCP than measured, with higher velocities on the 
northeast and southwest sides of the channel.  Both the model and the measurements 
indicate an eddy forming on the northeast side of the channel; however, the eddy is more 
prominent in the model and shifted further north.  The model does not produce an eddy 
on the southwest side of the channel while measurements indicate a weak eddy there. 

The discharges in the model found to be in good agreement with measurements (see 
discussion below); therefore indicating that the discrepancies between model results and 
observed velocities at Bird Island are due to the distribution of velocities near the ADCP 
site and not to the total exchange of volume through the inlet. 

The conclusion from these additional comparisons at the area of the bottom-mounted 
ADCP is that differences in the bathymetry (relative to present condition of the 
bathymetry) generate a flow distribution in this area different from the observed in 2005.  
For example, the bathymetry data used in the model does not include a deeper channel 
just northeast of the bottom-mounted ADCP, while the depths from the over-the-side 
ADCP transects indicate one is present.  The model also produces a stronger eddy on the 
northeast side of the channel, closer to the bottom-mounted ADCP, than measured.  This 
is also likely due to bathymetry differences and serves to further decrease velocities at the 
bottom-mounted ADCP.  However, based on other calibration results for water levels, 
velocities, and salinities, it appears that this has only a local effect.  Dynamic nature of 
bathymetry and currents in this area is also supported by statements from the Matagorda 
Bay Pilots. 

Observed and simulated discharges are presented in Figure 6-15 trough Figure 6-20.  
Calculated discharges at the Jetty Channel are in excellent agreement with measurements.  
Comparison of discharges across the Pass Cavallo transaction during September 2005 
period, when the transect line ran from the Port O’Connor jetties to the landward side of 
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the MSC Jetties, is also very good.  These results indicate that the total volume exchange 
between Matagorda Bay and the Gulf of Mexico through these two inlets is captured in 
the model very accurately. 

During the December 2005 period the discharges through Pass Cavallo measured inside 
the inlet were slightly higher than the calculated discharges.  This is believed that the 
excess volume is distributed into the Espiritu Santo and Guadalupe Bay estuary system, 
which is not being fully represented in the model, though is not affecting the salinity 
results in Matagorda Bay as presented below. 

Finally, the computed Colorado River area discharges compare well with the measured 
discharges considering the low flow period; discharges are two orders of magnitude 
smaller than the MSC and Pass Cavallo inlets and have higher relative measurement 
error.  Despite the complex flow patterns in this area, the lack of accurate bathymetry, 
and the fact that East Matagorda Bay is not included in the model domain, the 
distribution of freshwater from the Colorado River to various parts of Matagorda Bay is 
accurately represented as seen from salinity calibration and validation results. 

The discharge measurements near Port Lavaca show inconsistency between September 
and December 2005 periods.  The transect PL–R1 near Sand Point, the division between 
Matagorda and Lavaca Bay, shows very good results in September; however, in 
December the measured discharges are higher.  The discharges just north of Snake Island, 
transect PL–R2, show results which are not as good as September ones.  This may be due 
to the location of transect lines, where the measurement were taken in the open bay 
without any flow constraints (such as jetties). 
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Figure 6-15: Results of model validation run for September 2005 period—
comparison of discharges across the ADCP transects near Bird Island (BI–R3) and 
between jetties (BI–R1, BI–R1A, and BI–R2) 
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Figure 6-16: Results of model validation run for September 2005 period—
comparison of discharges across the ADCP transects near Pass Cavallo (PC–RS) 
and Port Lavaca (PL–R1 and PL–R2) 
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Figure 6-17: Results of model calibration run for September 2005 period—
comparison of discharges across the ADCP transects at Colorado River–
Intracoastal Waterway intersection 
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Figure 6-18: Results of model validation run for November–December 2005 
period—comparison of discharges across the ADCP transects near Bird Island (BI–
R3) and between jetties (BI–R1A, BI–R2, and BI–R4) 
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Figure 6-19: Results of model validation run for November–December 2005 
period—comparison of discharges across the ADCP transects at Pass Cavallo (PC–
R1D and PC–R2D) and Port Lavaca (PL–R1 and PL–R2) 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement   Rev: 0
Hydrodynamic and Salinity Model 

  

Page 76 of 126
 

 

CR-R1D  [m^3/s]
Discharge [m**3/s] [-]

E:
\M

ik
eR

un
s\

M
at

ag
or

da
\A

D
C

P\
O

TS
_A

D
C

P.
df

s0
E

:\M
ik

eR
un

s\
M

at
ag

or
da

\S
-D

05
F3

D
.0

62
3\

D
is

_C
R

-R
1S

.d
fs

0

00:00
2005-12-01

00:00
12-02

00:00
12-03

00:00
12-04

00:00
12-05

-100

 -50

   0

  50

 100

CR-R2D  [m^3/s]
Discharge [m**3/s] [-]

E:
\M

ik
eR

un
s\

M
at

ag
or

da
\A

D
C

P\
O

TS
_A

D
C

P.
df

s0
E

:\M
ik

eR
un

s\
M

at
ag

or
da

\S
-D

05
F3

D
.0

62
3\

D
is

_C
R

-R
2S

.d
fs

0

00:00
2005-12-01

00:00
12-02

00:00
12-03

00:00
12-04

00:00
12-05

-400

-200

   0

 200

 400

CR-R3D  [m^3/s]
Discharge [m**3/s] [-]

E:
\M

ik
eR

un
s\

M
at

ag
or

da
\A

D
C

P\
O

TS
_A

D
C

P.
df

s0
E

:\M
ik

eR
un

s\
M

at
ag

or
da

\S
-D

05
F3

D
.0

62
3\

D
is

_C
R

-R
3S

.d
fs

0

00:00
2005-12-01

00:00
12-02

00:00
12-03

00:00
12-04

00:00
12-05

-100

   0

 100

CR-R4D  [m^3/s]
Discharge [m**3/s] [-]

E:
\M

ik
eR

un
s\

M
at

ag
or

da
\A

D
C

P\
O

TS
_A

D
C

P.
df

s0
E

:\M
ik

eR
un

s\
M

at
ag

or
da

\S
-D

05
F3

D
.0

62
3\

D
is

_C
R

-R
4S

.d
fs

0

00:00
2005-12-01

00:00
12-02

00:00
12-03

00:00
12-04

00:00
12-05

-300

-200

-100

   0

 100

 
Figure 6-20: Results of model validation run for November–December 2005 
period—comparison of discharges across the ADCP transects at Colorado River–
Intracoastal Waterway intersection 
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6.3.3 Salinity Calibration 

Finally, the model salinities were calibrated and validated.  The model was calibrated for 
the September 2005 time period and was run continuously without modification of model 
setup parameters through December 2005 for validation.  An initial approximation for 
salinity field was developed by interpolation from measurements by Evans-Hamilton, 
Inc. from September 10–13, 2005 period.  Then starting with this data, the model ran for 
a period of few weeks at the end of which the resulting salinity field was used in the 
calibration simulations for the initial conditions. 

Figure 6-21, Figure 6-22, and Table 6-7 show the results for the calibration simulations.  
The measured salinities include those collected for this project, which have an average 
RMS error (as compared with a 12-hour moving average low pass filter of 
measurements) during the calibration period of 0.69 PSU, and those collected by LCRA 
which have an average RMS error of 0.50 PSU.  The comparison of measured and 
calculated salinities gives an average RMS error of 1.82 PSU and average MAE (mean 
absolute error) of 2.13 PSU.  The average mean error for the model, indicating any bias, 
was 0.66 PSU.  The model shows good skill at capturing the longer term trends in the 
salinity data (on the order of days to weeks) as well as the shorter term trends (order of 
hours).  However, as discussed above, this was a period of low freshwater inflows and 
there was relatively little variability in salinities.  This makes the model more sensitive to 
the offshore salinity boundary condition which, as discussed above, does not accurately 
represent the variability in Gulf of Mexico salinities during this time.  Note that during 
this period collected data showed very limited salinity stratification and in general the 
conditions everywhere in the Bay could be considered well mixed. Well mixed 
conditions are also observed in the model results.  Additionally, although visual 
inspection shows that the calibration is very good, the lack of variability in the data 
causes the correlation coefficient (R) and the index of agreement (d) to be lower. 
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Figure 6-21: Results of model calibration run for September 2005 period—
comparison of salinities 
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Figure 6-21: (continued) 
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Figure 6-21: (continued) 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement   Rev: 0
Hydrodynamic and Salinity Model 

  

Page 81 of 126
 

 

Calculated

Measured

09/11 09/18 09/25 10/02
0

5

10

15

20

25

30

35
Lavaca Bay (middle)

S
al

in
ity

, P
S

U

09/11 09/18 09/25 10/02
0

5

10

15

20

25

30

35
Port Lavaca (bottom)

S
al

in
ity

, P
S

U

09/11 09/18 09/25 10/02
0

5

10

15

20

25

30

35

S
al

in
ity

, P
S

U
S−D05F3D.0623s

Port Lavaca (surface)

 
Figure 6-21: (continued) 
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Figure 6-21: (continued) 
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Figure 6-22: Results of model calibration run for September 2005 period—
comparison of long term salinity from LCRA and TWDB 
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Figure 6-22: (continued) 
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Table 6-7: Summary of results of model calibration run for September 2005 
period—comparison of salinities 

Station RMS, 
PSU 

Corr. Coef. 
(R) 

Mean 
error, 
PSU 

Mean absolute 
error, PSU 

Index of 
agreement (d) 

Bird Island (BI) surface 0.70 0.51 -0.96 1.00 0.51 
Bird Island (BI) bottom 2.60 0.12 -0.22 1.84 0.20 

Maragorda Bay (MB) bottom 2.60 -0.58 -0.42 2.38 0.10 
Indian Point (IP) surface 0.99 0.40 0.33 0.81 0.62 
Indian Point (IP) middle 1.09 0.29 1.01 1.28 0.47 
Indian Point (IP) bottom 1.21 0.65 2.55 2.55 0.54 

Pass Cavallo (PC) surface 1.38 0.43 0.89 1.34 0.54 
Pass Cavallo (PC) bottom 1.15 0.38 0.78 1.14 0.54 
Keller Pass (KP) middle 0.30 0.86 1.78 1.78 0.42 
Port Lavaca (PL) surface 2.48 0.44 1.94 2.44 0.49 
Port Lavaca (PL) bottom 1.92 0.11 3.45 3.45 0.43 
Lavaca Bay (LB) middle 1.85 0.72 -0.05 1.22 0.75 

Colorado River (CR) middle 5.09 0.77 6.72 7.17 0.73 
Palacios Point (PP) middle 0.23 0.86 1.24 1.24 0.41 

Carancahua Bay 1.02 0.91 -1.38 1.51 0.84 
West Bay SMB 2.73 -0.22 1.08 2.16 0.27 

Sandy Point 3.22 0.59 -2.76 2.96 0.54 
Palacios 1.91 0.22 -1.57 2.24 0.44 

West Bay CM4 1.96 0.44 -2.27 2.45 0.51 
West Bay Tripod 1.99 0.57 1.03 1.72 0.69 

Total average 1.82 0.42 0.66 2.13 0.50 

 

Results from the first validation period November 1 to December 14, 2005 are presented 
in Figure 6-23, Figure 6-24, and Table 6-8.  The results are fairly similar to the 
calibration period of September 2005.  The average RMS error was 1.02 PSU and the 
average MAE was 1.98 PSU.  The average mean error was –0.29 PSU.  Again, due to the 
relative lack of variability in the data, and for this period also the short time series, the 
correlation coefficient (R) and the index of agreement (d) show only moderate values 
while visual inspection indicates very good agreement between observed and simulated 
salinity throughout the Bay system. 
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Figure 6-23: Results of model validation run for November–December 2005 
period—comparison of salinities 
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Figure 6-23: (continued) 
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Figure 6-23: (continued) 
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Figure 6-23: (continued) 
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Figure 6-23: (continued) 
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Figure 6-23: (continued) 
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Figure 6-24: Results of model calibration run for November–December 2005 
period—comparison of long term salinity from LCRA and TWDB 
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Figure 6-24: (continued) 
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Table 6-8: Summary of results of model validation run for November–December 
2005 period—comparison of salinities 

Station RMS, 
PSU 

Corr. 
Coef. (R) 

Mean 
error, PSU 

Mean absolute 
error, PSU 

Index of 
agreement (d) 

Bird Island (BI) surface 0.95 0.72 0.32 0.85 0.45 
Bird Island (BI) bottom 0.88 0.70 0.19 0.73 0.41 

Maragorda Bay (MB) bottom 0.66 -0.10 -0.09 0.54 0.21 
Indian Point (IP) surface 0.63 0.54 -3.38 3.38 0.29 
Indian Point (IP) middle 0.53 0.59 -2.71 2.71 0.30 
Indian Point (IP) bottom 0.92 0.36 -1.47 1.61 0.44 

Pass Cavallo (PC) surface 1.45 0.57 1.62 1.82 0.56 
Pass Cavallo (PC) bottom 0.88 0.68 2.47 2.48 0.44 
Keller Pass (KP) middle 0.58 0.61 3.46 3.46 0.24 
Port Lavaca (PL) surface 0.37 -0.24 0.41 0.49 0.41 
Port Lavaca (PL) bottom 0.39 -0.23 0.10 0.34 0.24 
Lavaca Bay (LB) middle 0.38 -0.18 0.18 0.36 0.33 

Colorado River (CR) middle 1.45 0.75 -2.59 2.64 0.58 
Palacios Point (PP) middle 0.31 0.57 -2.01 2.01 0.24 

Bird Island (BI) surface 4.84 0.18 4.88 5.41 0.45 
Bird Island (BI) bottom 0.20 0.83 -0.84 0.84 0.40 

Carancahua Bay 1.08 0.44 -2.61 2.61 0.40 
West Bay SMB 1.55 0.22 2.08 2.25 0.46 

Sandy Point 0.82 0.60 -3.02 3.02 0.32 
Palacios 0.82 0.02 -2.58 2.58 0.31 

West Bay CM4 0.75 0.25 -1.58 1.58 0.40 
West Bay Tripod 2.13 0.58 0.72 1.87 0.56 

Total average 1.02 0.38 -0.29 1.98 0.38 

 

Results from the second validation period August 25 to November 6, 2001 are presented 
in Figure 6-25 with summary of statistics in Table 6-9.  During this period there was 
fairly large freshwater inflow which caused salinities throughout the system to decrease 
rapidly then rebound slowly.  The model generally accurately represented both the 
decrease and rebound of salinity in the system.  Note that the data from this time period 
consists of daily averages, so shorter period variations (order of hours) cannot be 
compared.   
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Figure 6-25: Results of model calibration run for September–October 2001: 
comparison of salinities 
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Figure 6-25: (continued) 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement   Rev: 0
Hydrodynamic and Salinity Model 

  

Page 97 of 126
 

 

Calculated

Measured

Sep Oct
0

5

10

15

20

25

30

35

S
al

in
ity

, P
S

U
Sep01F3D.0724

Lavaca Bay

 
Figure 6-25: (continued) 

 

Table 6-9: Summary of results of model validation run for September–October 
2001 period—comparison of long term salinities 

Station RMS, 
PSU 

Corr. 
Coef. (R) 

Mean 
error, 
PSU 

Mean absolute 
error, PSU 

Index of 
agreement (d) 

Carancahua Bay 1.89 0.97 0.41 1.17 0.98 
West Bay SMB 5.72 0.81 3.38 4.83 0.86 

Sandy Point 2.84 0.89 0.86 2.09 0.94 
Palacios 5.08 0.97 -4.65 4.67 0.88 

West Bay CM4 5.49 0.62 -2.88 3.38 0.75 
West Bay Tripod 5.49 0.74 1.99 4.41 0.85 

Lavaca Bay 4.06 0.91 2.84 3.03 0.92 
Total Average 4.37 0.84 0.28 3.37 0.88 

 

The results show a good agreement with measurements (average index of agreement of 
0.88 and correlation coefficient of 0.84) and RMS error varying from 2 to 5.5. The 
stations in east of West Matagorda Bay may have high uncertainty due to lock operation 
as discussed below. However, at stations like Palacios or Lavaca Bay, the uncertainties 
due to boundary conditions are much smaller than the errors between measurements and 
simulation results. 

6.3.4 Model Sensitivity Analysis 

The September 2001 period, which had high inflows, was used to test the sensitivity of 
the model.  The sensitivity to horizontal and vertical resolution was tested.  Additionally, 
the sensitivity to various boundary conditions was also tested. 
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Different vertical and horizontal resolutions were tested and compared to the most 
suitable proposed configuration.  The model mesh was tested by doubling resolution in 
the channel: the channel was defined with at least four elements across with two elements 
defining the bottom. Vertical resolution was also doubled by using 12 uniformly 
distributed layers. The test was run for the period of September 6–15, 2001 during a 
salinity recovery phase with initial conditions calculated on a coarser grid for about two 
week period prior to September 6, 2001.  During this period the highest gradients in 
salinity and thus greatest effects of any resolution differences would occur.  The results 
of the runs were compared to the measurements and are shown in Table 6-10. 

Table 6-10: Summary of results of model resolution comparison for September 
2001 period at locations of long term salinity gauges 

Station MAE for high 
resolution, PSU 

MAE for normal 
resolution, PSU 

Difference in MAE (high–
normal), PSU 

Carancahua Bay 0.62 0.50 0.12 
West Bay SMB 2.76 3.32 -0.56 

Sand Point 1.60 1.31 0.29 
Palacios 4.90 6.00 -1.10 

West Bay CM4 8.74 8.44 0.30 
West Bay Tripod 3.41 3.86 -0.45 

Lavaca Bay 0.41 0.67 -0.26 
Total average 3.21 3.44 -0.24 

 

Although the results cannot be used to estimate model accuracy in general because of the 
short duration of the runs, comparison between the high and normal resolution runs can 
still be done.  Significant increase in resolution did not resulted in significant reduction of 
the overall error, which equals to 0.24 PSU based on the performed runs.  However, it 
resulted in substantial decrease in model speed: the high resolution model speed was 
approximately 0.7 times of reality, meaning a model run of approximately 7 days would 
take 10 days of computing time making the high resolution setup highly impractical to 
use for long-term simulations.  For comparison a model with the coarser grid runs at 
about 8 times reality. 

To assess the sensitivity of the model to uncertainties in model boundary conditions a 
series of sensitivity runs were made. Each of the sensitivity runs was performed on the 
normal mesh with 6 vertical layers.  The runs included: 

• Normal conditions (proposed river inflows, precipitation and evaporation rates, wind, 
offshore boundary conditions for salinity and water levels); 

• Reduced offshore salinity by 4 PSU; 

• Reduced river inflows and precipitation rates by 10%; 
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• Closed Colorado River locks; 

• Eliminated inflows from ungauged basins. 

Statistics were calculated based on the difference between results from each altered and 
normal condition setups (see Table 6-11).  To estimate combined effect of all 
uncertainties vector sums the RMS and mean absolute errors were calculated for each 
station location (see Table 6-12).  The results showed high effect of locks operation 
especially on salinity in eastern part of West Matagorda Bay, where the RMS error 
reaches 5.9 PSU at West Bay Tripod station. 

Table 6-11: Summary of results of sensitivity runs for September–October 2001 
period at location of long term salinity gauges. Shown are differences in RMS, mean 
absolute errors, and mean errors between altered and normal condition runs 

Closed locks No ungauged inflows Reduced offshore salinity Reduced inflows 
Stations 

RMS MAE ME RMS MAE ME RMS MAE ME RMS MAE ME 
Lavaca Bay 0.02 0.01 -0.01 0.24 0.19 0.19 0.34 0.23 -0.23 0.46 0.34 0.34 

Matagorda Bay 0.17 0.1 -0.07 0.39 0.21 0.21 2.98 2.68 -2.68 0.56 0.39 0.39 
West Bay Tripod 5.9 5.11 -5.11 0.1 0.09 0.03 0.77 0.62 -0.62 1.27 1.17 1.17 
West Bay CM4 1.5 1.05 -1.04 0.28 0.22 0.22 1.45 1.16 -1.16 1.05 0.96 0.96 
Carancahua Bay 0.11 0.09 -0.09 0.19 0.15 0.15 0.37 0.26 -0.26 0.83 0.71 0.71 

Sand Point 0.07 0.05 -0.04 0.83 0.61 0.61 1.25 1.02 -1.02 1.17 0.97 0.97 
West Bay SMB 4.75 4.19 -4.19 0.07 0.06 0.02 0.65 0.52 -0.52 1.07 1.02 1.02 

Palacios 0.22 0.18 -0.15 0.28 0.24 0.22 0.77 0.58 -0.58 1.16 1.07 1.07 
Total average 1.59 1.35 -1.34 0.30 0.22 0.21 1.07 0.88 -0.88 0.95 0.83 0.83 

 

Table 6-13 presents a statistical summary of the differences between the sensitivity runs 
and the normal condition model run. The positive differences indicate that the sum of 
errors due to uncertainty in the boundary conditions being greater than the errors in the 
model validation runs. 

Although, Palacios and Lavaca Bay show relatively high errors, the correlation 
coefficients and index of agreement are very high.  This indicates that the trends, and 
therefore, recovery rates are correctly represented.  However, most of the error in these 
stations is presented as mean error, which indicates an offset or a time delay in recovery 
stage.  This can be caused by either incorrect boundary, initial conditions or larger model 
input uncertainties during this period. 

This model calibration period contains a very extreme event which stresses the model 
capabilities.  For September 2001 the inflows for Lavaca River are the highest monthly 
total (i.e., compared to all other Septembers in the record) in the 58 year record and for 
the overall bay system the monthly inflows are in the 85th percentile of monthly totals for 
the period of record.  This may result in higher errors in inflow discharges measured at 
stream gauges. USGS considers ±10% error 95% of time to be “good” for gauged flows, 
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during the high inflow period the error may be much greater.  The model results show 
average RMS error of about 4.37 PSU for that extreme event.  It is expected that for a 
longer simulation period the error will be much smaller, because of rare occurrence of the 
extreme flood events. 

 

Table 6-12: Combined RMS and mean absolute errors from sensitivity runs for 
September–October 2001 period at location of long term salinity gauges 

Stations Combined RMS error, 
PSU  

Combined MAE, 
PSU 

Lavaca Bay 0.63 0.46 
Matagorda Bay 3.06 2.71 

West Bay Tripod 6.09 5.28 
West Bay CM4 2.35 1.84 
Carancahua Bay 0.94 0.77 

Sandy Point 1.90 1.54 
West Bay SMB 4.91 4.34 

Palacios 1.44 1.25 
Total average 2.66 2.27 

 

Table 6-13: Combined RMS and mean absolute errors from sensitivity runs for 
September–October 2001 period at location of long term salinity gauges 

 RMS difference, PSU MAE difference, PSU 
Lavaca Bay -3.44 -2.57 

West Bay Tripod 0.60 0.88 
West Bay CM4 -3.14 -1.53 
Carancahua Bay -0.96 -0.40 

Sandy Point -0.94 -0.55 
West Bay SMB -0.81 -0.49 

Palacios -3.64 -3.42 
Total Average -1.76 -1.16 

 

The slower recovery of predicted salinity after the large freshwater inflow event may 
partially be a result of the model computational scheme, which reduces the ability of the 
model to accurately maintain highly stratified flows. Other parameters, such as 
uncertainty in boundary conditions, resolution of computational grid, and number of 
vertical layers may also contribute to this.  As a result of higher model diffusion, fresh 
water from rivers entering Lavaca Bay get mixed with more saline water in the bay at a 
higher rate. In the case of highly stratified profiles in the model, this would lead to a 
faster exchange between fresher waters of Lavaca Bay and saline waters of Matagorda 
Bay.  Therefore, in the model the average salinity in Lavaca Bay remains lower than 
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measured for a longer time, gradually converging to the expected levels (see also 
discussion of results of high inflow scenario simulation.) 

The highly stratified flows exist only after very high river discharges (such as in 
simulation of August 25 to November 6, 2001 period). In the case of low and more 
typical river inflows only moderate stratification exists along the channel, while shallow 
bay areas are well mixed throughout the water column.  Under these low inflow periods 
higher diffusion will result in under-prediction of salinity in the channel and over-
prediction of salinity in adjacent to the channel areas, as supported by the simulation for 
November 1 to December 14, 2005 period. 

Based on the results of calibration and sensitivity runs, the average error in prediction of 
absolute salinity levels in Lavaca Bay during high river inflows is on the order of 2.5–3 
PSU with a tendency to under-predict actual values. During low and median inflows, the 
errors are on the order of 1 PSU with a tendency to over-prediction of actual values. 

The contribution of the uncertainty on the initial conditions to errors in simulated salinity 
was not estimated as part of the sensitivity tests.  It was assumed that the initial 
conditions should not affect the simulations because of the extreme flood.  However, 
based on previous calibration results, it was found that the initial salinity field values 
persists in the model for a long period of time during average inflow conditions. 

For the simulated period of September–October 2001, the model performance was good 
in comparison with the sensitivity to uncertainties in the boundary conditions with overall 
mean absolute error of 1.86 PSU.  For comparison the estimated RMS measurement error 
for field gages was approximately 1 PSU. 
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7.0 SIMULATIONS AND RESULTS 

Three scenarios were simulated for assessment of salinity impacts due to the proposed 
project.  Each scenario was simulated for both the existing conditions and for the 
proposed conditions including channel modifications, in-bay placement areas, and 
proposed modifications to the Jetty Channel.  These scenarios included a low inflow 
condition, a median inflow condition, and a high inflow condition.  In addition, a 
hurricane simulation was conducted in the two dimensional mode of the model to assess 
the project effect on water level difference due to such an event.  Results from these 
simulations are presented. 

7.1 Simulated Conditions 

7.1.1 Existing Conditions 

The existing condition simulations were based on the same model mesh and bathymetry 
used for model calibration and validation. 

7.1.2 Proposed Conditions 

One proposed channel improvement scenario was developed.  The scenario includes 
modifications to the navigation channel, modifications to the jetties and Jetty Channel, 
and in-bay placement areas. 

This scenario was based on proposed channel dimensions of 400 ft width (toe-to-toe) and 
44 ft MLT depth with 3 horizontal to 1 vertical side slopes in the bay segment and 600 ft 
width and 46 ft MLT depth with 10 horizontal to 1 vertical side slopes in the offshore 
segment.  Both channel segments have a 2 ft advanced maintenance requirement and 2 ft 
allowable over-dredge tolerance for the bay segment and 3 ft for the offshore segment.  
Model mesh and bathymetry were modified to reflect these dimensions with the 2 ft 
advanced maintenance cut included but the allowable over-dredge tolerance neglected. 

The jetties and Jetty Channel were modified to reflect the proposed modification based 
on U.S. Army Corps of Engineers Galveston District’s presently preferred alternative to 
remove the “bottleneck” on both sides of the jetties.  It was assumed that the jetties (or 
revetment) would be extended landward based on the centerline of the existing jetties, 
which appears to be consistent with the alternative developed by the District.  To estimate 
the new cross-section, the slopes of the existing bathymetry were extrapolated out to the 
new jetties.  This resulted in depths at the toe of the new jetties of 5 to 15 m, averaging 
approximately 10 m. 

Lastly, a set of in-bay placement areas were included in the proposed condition.  The in-
bay placement areas were based on the latest dredged material management plan from 
URS Corporation.  The proposed placement areas are shown in Figure 7-1.  The proposed 
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placement areas include beach nourishments (BN1 and BN2) and upland/marsh 
restoration sites adjacent to existing uplands (ER2, ER3, D, A1, and A2).  Although these 
sites may contain wetland areas with some exchange with surrounding waters the 
exchange will be relatively limited through levee or breakwater gaps and the tidal prism 
of inter-tidal areas is relatively small.  Implementing flow through these narrow sections 
would have greatly reduced the smallest mesh elements and required much smaller time 
steps and therefore longer run-times.  Thus, these were handled by modifying the land 
boundary of the model.  Similarly, two island sites (G and H4) have some inter-tidal area, 
but are developed as closed land boundaries in the model.  The levee or breakwater 
section of area G extending northeast from the main placement area parallel to the shore 
was treated as an impermeable linear feature in the model.  Lastly, several enhanced 
recovery (e.g. capping) sites and oyster reef sites are proposed in Lavaca Bay.  The model 
bathymetry was modified for these sites to reflect the areas being raised by 2 ft. 

 
Figure 7-1: Dredge material placement areas as included into model simulation 

The computational mesh for proposed conditions was derived from the mesh used for 
calibration and existing condition simulations.  Changes were made to the land 
boundaries due to the wider entrance and proposed placement areas.  The largest 
modifications were done to the navigation channel area for a wider channel (see Figure 
7-2 and Figure 5-1 for comparison).  Except for the navigation channel, cell sizes were 
kept unchanged throughout the domain with some increase in resolution in vicinity of the 
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modified land boundaries.  Away from these land boundaries mesh elements were not 
increased, but the location and orientation of some elements were changed.  Due to the 
inability to accommodate both the existing and proposed channels within the same mesh 
configuration without drastic increase of simulation times, the best suitable mesh 
configurations were used in both sets of simulation.  The changes in mesh configuration 
did not affect hydrodynamic simulations, as supported by the sensitivity tests with a 
higher horizontal resolution. 
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Figure 7-2: Close-up view on model mesh and bathymetry in vicinity of Snake 
Island for proposed channel configuration 
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7.2 Simulation Scenarios 

Four model scenarios, low, median, and high inflows along with a hurricane case, were 
proposed and developed by the scientific review panel for the hydrodynamic and salinity 
modeling work.  The three inflow based cases were intended to test the response of the 
bay system to the proposed project under a range of freshwater inflow conditions.  The 
hurricane scenario was included to evaluate the effect of the proposed improvements on 
storm surge and water levels around the bay.  The inputs and boundary conditions for 
each scenario are outlined in Table 7-1.  The initial conditions used for model calibration 
and validation and the monthly average offshore salinities from Cochrane and Kelly 
(1986) were used for all the scenarios.  Output station locations are given in Figure 7-3 
and Figure 7-4. 

 
Figure 7-3: Model result output locations within the bay 
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Figure 7-4: Model result output locations along the channel 
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Table 7-1: Simulated scenario and corresponding model boundary conditions 
Condition Low Inflow Case Median Inflow Case High Inflow Case Hurricane Case 

Time Period Mar. Spin-up + Apr.-Sep. Run 
(nominally 2003) 

Mar. Spin-up + Apr.-Sep. Run 
(nominally 2003) Aug. 1998 – Feb. 1999 June. – Sep. 2003 

Inflow 

Colorado & Lavaca-Navidad - 
FINS Critical Inflow 

 
Other Inflows – scaled according 
to FINS study averages (29% of 
total, distributed based on FINS 

Table 2.1) 
 

Colorado – USGS median 
monthly inflow from 1948-2005 

 
Lavaca-Navidad – USGS median 
monthly inflow from 1941-2003 

(FINS Fig. 2.3) 
 

Other Inflows – scaled according 
to FINS study averages (29% of 
total, distributed based on FINS 

Table 2.1) 

Measured USGS inflows, 
Lavaca-Navidad River Authority 
release records, & drainage area 

ratios 

Measured USGS inflows, Lavaca-
Navidad River Authority release 
records, & drainage area ratios 

Precipitation / 
Evaporation 

Mar.-Sep. 2003 measured 
precipitation at Palacios and 

adjusted pan evaporation from 
Lavaca-Navidad River Authority 

Mar.-Sep. 2003 measured 
precipitation at Palacios and 

adjusted pan evaporation from 
Lavaca-Navidad River Authority 

Aug. 1998 – Feb. 1999 measured 
precipitation at Palacios and 

adjusted pan evaporation from 
Lavaca-Navidad River Authority 

Jun.-Sep. 2003 measured precipitation 
at Palacios and adjusted pan 

evaporation from Lavaca-Navidad 
River Authority 

Winds Mar.-Sep. 2003 measured winds 
at Palacios Airport 

Mar.-Sep. 2003 measured winds 
at Palacios Airport 

Aug. 1998 – Feb. 1999 measured 
winds at Palacios Airport 

Jun.-Sep. 2003 measured winds at 
Palacios Airport with winds during 

Hurricane Claudette (2003) replaced 
by estimated wind field created with 

MIKE Cyclone Wind Generator 
Toolbox using Hurricane Alicia (1983) 

on Hurricane Claudette (2003) track 

Offshore Water Levels 

Mar.-Sep. 2003 measured 
TCOON Corpus Christi (Bob 

Hall Pier) with offshore current 
and low-pass filter on 

meteorological anomaly 

Mar.-Sep. 2003 measured 
TCOON Corpus Christi (Bob 

Hall Pier) with offshore current 
and low-pass filter on 

meteorological anomaly 

Aug. 1998 – Feb. 1999 measured 
TCOON Corpus Christi (Bob 

Hall Pier) with offshore current 
and low-pass filter on 

meteorological anomaly 

Jun..-Sep. 2003 measured TCOON 
Corpus Christi (Bob Hall Pier) with 

meteorological anomaly during 
Hurricane Claudette (2003) replaced 
by measured meteorological anomaly 

at Galveston Pleasure Pier during 
Hurricane Alicia (1983) and with 

offshore current and low-pass filter on 
meteorological anomaly  

Offshore Salinities Cochrane and Kelly (1986) 
average monthly salinities 

Cochrane and Kelly (1986) 
average monthly salinities 

Cochrane and Kelly (1986) 
average monthly salinities 

Cochrane and Kelly (1986) average 
monthly salinities 
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7.2.1 Low Inflow 

The low inflow scenario was based on the critical inflows determined by the most recent 
Freshwater Inflow Needs Study (FINS) for Matagorda Bay (LCRA et al, 2005).  The 
inflow for the Colorado River and Lavaca Delta (Lavaca and Navidad Rivers) is provided 
in the FINS.  The inflow for the other tributaries is calculated and distributed based on 
long-term averages as outlined in the FINS study.  Inflows were kept constant over the 
entire March through September run.  Inflows are presented in Table 7-2.  Measured 
precipitation and evaporation are used.  It should be noted that using measured 
precipitation results in some additional freshwater being added to the Bay system which 
might not be present in a severe drought; however, the volume of freshwater inflow from 
precipitation directly on the Bay is much lower than riverine inflow. 

Table 7-2: Low critical inflows (from FINS by LCRA 2005) 
Inflows m3/s 

Colorado 17.00 
Lavaca Delta 2.00 
Coastal Basin  
 Oyster Lake 0.74 
 Tres Palacios 1.15 
 Turtle Bay 0.56 
 Caracahua Bay 1.32 
 Keller Bay 0.25 
 Cox Bay 0.23 
 Garcitas Creek 1.48 
 Chocolate Bay 0.56 
 Powderhorn Lake 0.62 
Coastal Basin Total 6.92 
 

A comparison of total Matagorda Bay freshwater inflows for six month running average 
based on 1977 to 2003 measurements is shown in Figure 7-5.  The low inflow condition 
represents conditions which were exceeded approximately 95% of the time.  Given the 
length of averaging period, this would give a return interval for such an inflow condition 
of approximately 10 years.   
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Figure 7-5: Frequency total fresh water inflows in to Matagorda Bay over a 
6-month period 

The scientific review panel requested that the low inflow scenario contain a moderate 
hurricane event to assess what effect such an event might have on bay salinities during 
such a drought period.  Thus the year 2003 was used for input conditions.  During this 
year a category 1 (Saffir-Simpson scale) hurricane, Claudette, struck the area on July 15.  
This storm event is included in the scenario; however, as the offshore water level 
condition is based on tide gage records at Corpus Christi (approximately 90 miles south 
of the area of interest) the surge of approximately 0.6 m is less than the locally measured 
surge from this event.  The event had a moderate amount of rainfall in the area, 
approximately 2 inches, which is included in the precipitation used in model forcing, but 
since inflows are kept constant the runoff into the Bay associated with the storm is not 
included.  Thus the modeled storm is somewhat unrealistic in that it includes the effect of 
increased salinity due to storm surge, but not the freshwater inflow which would typically 
be associated with such an event and would counter the increased salinity from the storm 
surge. 

7.2.2 Median Inflow 

The median inflow scenario was based on medians of long-term gage records for the 
Colorado and Lavaca Rivers as presented in the FINS.  Similar to the low inflow 
condition, the inflows for other tributaries was estimated based on long-term average 
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flow distribution.  Unlike the low inflow condition, the inflows for the median inflow 
scenario varied by month and are presented in Figure 7-6.  The ranking of the median 
inflow is presented in Figure 7-5.  It is noted that the ranking is slightly higher than the 
50th percentile that would be expected for a median condition.  This is due to only 6 
months being used in the average, while it is being compared to full 12 months worth of 
records. 
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Figure 7-6: Median stream discharges 

Similar to the low inflow case, the median inflow case was based on the year 2003 and 
contains Hurricane Claudette.  Later discussion questioned whether or not including the 
hurricane was warranted as including the storm causes the scenario to no longer represent 
a typical condition.  Therefore, the scenario was re-run with the hurricane removed and 
the wind and water level forcings replaced with similar periods without a hurricane.  Both 
of these scenarios, the median inflow with a hurricane and the median inflow without a 
hurricane, are presented. 

7.2.3 High Inflow 

The high inflow scenario is based on actual conditions during August 1998 through 
February 1999.  The freshwater inflows during this period are presented in Figure 7-7.  
As seen in Figure 7-3 the six month average inflow during this period is in the 95th 
percentile of inflows (for the period of 1977 to 2003).  Thus this represents a high inflow 
six month period with a return interval of approximately 10 years.  Some of the 
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individual monthly inflows for the combined Colorado and Lavaca Rivers have much 
higher rankings, with September, October, and November having rankings in the 93rd, 
100th, and 98th percentiles, respectively, in comparison with the same months from 1948 
to 2005. 
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Figure 7-7: Measured and estimated river discharges based on USGS and LNRA 
data for August, 1998–February, 1999 period as used to force the model 

7.2.4 Hurricane 

A hurricane simulation was desired to assess the effect the channel improvements may 
have on the storm surge response of the bay system.  Since the primary goal of this 
scenario was to assess water level differences, a two-dimensional model was deemed 
reasonable for this purpose.  The model was identical to the three-dimensional model 
described in the model development section above with the exception of only one vertical 
layer being used. 

A synthetic hurricane was developed for the scenario.  The hurricane is based on a mix of 
parameters from Hurricane Alicia (1983) which struck the western end of Galveston 
Island and Hurricane Claudette (2003) which struck Port O’Connor (see Figure 7-8).  
Hurricane Claudette had the desired track, passing directly over Matagorda Bay, but was 
weaker than the desired intensity of Category 2 or 3 (Saffir-Simpson scale).  Hurricane 
Alicia had the desired intensity, Category 3 at landfall, and also has a quality water level 
record taken at an open coast tide gauge at Galveston Pleasure Pier which was on the 
onshore winds quadrant of the storm at landfall.  Therefore, the hurricane intensity 
parameters and storm surge from Hurricane Alicia were applied along the track of 
Hurricane Claudette. 
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Figure 7-8: Track of hurricane Claudette (July, 15 2003) 

The hurricane wind field was generated using the MIKE Cyclone Wind Generator 
Toolbox.  During the time of hurricane passage, the wind field varied throughout the 
model domain to more accurately reflect the gradients in wind speed and direction across 
relatively short distances during a tropical storm.  The hurricane central pressure and 
maximum wind speed were taken from the NOAA tropical cyclone database (NOAA-
CSC, 2004).  The radius to maximum winds was estimated using the methodology 
outlined in the Coastal Engineering Manual (2003).  Measured winds were applied to the 
model up to 18 hours before landfall at which time the estimated hurricane wind field 
was applied through 18 hours after landfall.  The hurricane wind field at landfall is shown 
in Figure 7-9. The time series of wind speed and direction together with applied offshore 
water levels are shown in Figure 7-10. 
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Figure 7-9: Generated wind field for simulated hurricane based on measurements 
from hurricane Alicia and track from hurricane Claudette. A snapshot at landfall is 
shown 

The water level record from the Galveston Pleasure Pier during Hurricane Alicia was 
used to synthesize an offshore water level boundary condition for the model.  The water 
level time series was prepared by subtracting the predicted astronomical tide from the 
measured water level to determine the storm surge.  This storm surge was then filtered 
similar to other meteorological tides and superimpose on the predicted astronomical tide 
and applied at the offshore boundary.  The synthetic water level boundary condition was 
applied between July, 7 and July, 18 2003.  The applied offshore water level boundary 
condition is shown in Figure 7-10. 
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Figure 7-10: Generated winds and pressure for simulated hurricane measured at 
the center point of the simulated domain (approximately 3150000N, 770000E) and 
water levels at Corpus Christy corrected with measured water levels at Galveston 
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7.3 Simulation Results 

For each salinity simulation, a set of plots of the results were prepared.  These include 
salinity time series and difference (between existing and proposed) time series at long-
term salinity gauge stations and other key locations, two-dimensional color contour plots 
of average bottom salinity for each month of simulation (excluding the spin-up month) 
for both existing and proposed conditions, a two-dimensional color contour difference 
plot for bottom salinities averaged for each month of simulation, and a contour plot 
showing key bottom salinity contours of 5, 10, and 20 PSU for existing and proposed 
conditions.  The later plots are presented in Appendix E.  All of the plots presented in this 
report are for bottom salinities.  Bottom salinities are reported as the values most critical 
to intended application of the model. 

7.3.1 Low Inflow 

The results for the low inflow scenario are presented in Appendix A.  The April through 
September average salinity field for existing and proposed conditions are given in Figure 
A-1 and Figure A-8, respectively.  The average difference between existing and proposed 
conditions for April through September is given in Figure A-15. 

In general the differences between existing and proposed conditions were relatively small 
for the low inflow case, with the average difference being less than 0.5 PSU.  From the 
time-series at select locations and individual monthly averages in Appendix A, it is 
observed that the salinity differences in Lavaca Bay between existing and proposed 
conditions generally increase to near 1 PSU in August and September.  There is also 
some evidence of an effect from the hurricane event in mid-July; however, it is difficult 
to assess how much of the difference is directly due to this event. 

It is noted that the model showed some more significant differences in the vicinity of 
Oyster Lake.  After the mesh was generated for the existing and proposed conditions it 
was modified to include the Oyster Lake inflow.  This inflow was not included in the 
model calibration but was added later to be consistent with the inflows used in FINS 
study.  The inflow boundary condition was applied to different elements within the mesh 
and the mesh was altered in Oyster Lake differently for the two conditions.  As the 
differences between existing and proposed surrounding Oyster Lake are very small, the 
differences produced in the lake are believed to be an effect of different mesh resolution 
and area over which the freshwater boundary condition is applied, not an effect of the 
proposed channel improvements. 

7.3.2 Median Inflow 

The results for the median inflow scenarios with and without the hurricane event are 
presented in Appendix B and Appendix C.  The April through September average salinity 
field for existing and proposed conditions are given in Figure B-1 and Figure B-8 (or 
Figure C-1 and Figure C-8 for case without hurricane), respectively.  The average 
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difference between existing and proposed conditions for April through September is 
given in Figure B-15 (Figure C-15 for case without hurricane). 

In general the differences between existing and proposed conditions for the median 
inflow case were an increase in the range of 1.5 to 3 PSU in Lavaca Bay and a difference 
of less than 0.5 PSU elsewhere.  From the time-series at select locations and individual 
monthly averages in Appendix B and Appendix C, it is observed that the salinity 
differences in Lavaca Bay between existing and proposed conditions generally increased 
in June through September.  Comparing between the simulations with and without the 
hurricane condition, it is observed that the hurricane event has an effect for 4 to 6 weeks 
after landfall; however, by September the differences between the cases with and without 
the hurricane are minimal. 

7.3.3 High Inflow 

The results for the high inflow scenario are presented in Appendix D.  The September 
through February average salinity field for existing and proposed conditions are given in 
Figure D-1 through Figure D-8.  The average difference between existing and proposed 
conditions for April through September is given in Figure D-15.   

In general the differences between existing and proposed conditions for the high inflow 
case were an increase in the range of 3 to 6 PSU in Lavaca Bay and along the ship 
channel to near Port O’Connor and a difference of less than 0.5 PSU elsewhere.  From 
the time-series at select locations and individual monthly averages in Appendix D, it is 
observed that the salinity differences in Lavaca Bay and along the ship channel between 
existing and proposed conditions generally increased in December through February 
during the salinity recovery phase.  This is consistent with the expectation that the wider 
and deeper channel will allow a greater exchange during the recovery phase due in part to 
increased density driven flow effects. 

Results for bottom and surface salinities at three locations along the channel (Figure 7-4) 
are shown in Figure D-24 and Figure D-25 for existing and proposed conditions 
respectively.  The modeled vertical salinity stratification is found to be greater following 
high inflow events (September to November) and significantly reduced during the 
recovery phase (January to February).  The relative change in average stratification 
between existing and proposed conditions at the three locations indicates that the vertical 
salinity profiles become more uniform along the channel in proposed configuration.  The 
six month average difference between surface and bottom layer salinities varies between 
1.99, 2.12, and 2.00 PSU for the upper, middle, and lower locations along the channel in 
the proposed configuration, while in existing configuration the differences are 1.28, 2.20, 
and 3.22 PSU respectively.  In the upper channel in Lavaca Bay stratification increases as 
the difference between the surface and bottom layers increases by 0.71 PSU, while in the 
lower portion of the channel in Matagorda Bay stratification decreases as the difference 
decreases by 1.22 PSU. However, it is also noted that the instantaneous amplitude of 
differences between bottom and surface salinities becomes greater in the proposed 
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configuration during the high inflows, but smaller during recovery periods when 
compared to the existing conditions. 

When river discharges are high, fresh water in the surface layer flows over more saline 
water in the bottom layer.  The two layer structure becomes more distinct in deeper areas 
such as a dredged channel, while in shallow areas stratification may not be as large due to 
lesser thickness of the two layers.  The highest stratification is reached during high fresh 
water inflow events especially during flood tide.  However, if the inflows are too high, 
then the entire bay can become fresh with almost no stratification. 

During June 30–July 3, 1993 hydrographic survey performed by the Texas Water 
Development Board (TWDB, 1993) differences in salinity between bottom and surface 
were measured to be as large as 25–28 PSU in the channel (measured at station 4C.)  The 
survey was done right after a high inflow event with a peak total discharge of 
approximately 2,000 m3/s from all Lavaca Bay inflows.  During the simulated period of 
September 1998–February 1999 even higher inflows were applied to the model (peak 
total discharge of about 1,500, 2,700, and 4,100m3/s in September–November), but the 
differences in salinities are only up to 10 PSU (see Figure D-24.)  This indicates that the 
vertical stratification in the channel calculated in the model, and most likely in the rest of 
the bay, is under-predicted during high fresh water inflow events. 

During recovery periods (periods with typical river inflows after a high inflow event) 
modeled vertical salinity differences within the channel are much closer to the measured 
data for similar conditions.  Based on TWDB station 4 measurements within the 
Matagorda Ship Channel from March 24–March 26, 2003, the differences between 
bottom and surface salinities were approximately 4–5 PSU.  The measurement period 
was preceded by high inflow events around February 23 and March 6, 2003 with total 
discharges from Lavaca Bay inflows of approximately 230 and 70 m3/s respectively, but 
before and during the survey the inflows were 5–15 m3/s.  For the modeled period, the 
inflows were 5–20 m3/s during January–February 1999.  The calculated amplitudes of 
bottom to surface differences in salinity were up to 4–6 PSU (see Figure D-24).  
Therefore, during recovery period the salinity stratification in the channel is predicted 
quite accurately. 

7.3.4 Hurricane 

The results for the hurricane scenario are presented in Appendix F.  The water level data 
are presented for the full simulated period as well as close up for the hurricane Claudette. 

It is observed that stations in the bay show the result of a “sloshing” motion caused by 
winds across the bay.  In the lead up to the eye of the storm there are strong northeast 
winds which then abruptly shift to the southwest after passage of the eye.  Prior to the eye 
passage, the water is "sloshed" to the western shore of the bay and following passage it is 
“sloshed” back to the eastern portion of the bay.  It should be noted that the model 
domain is the same as used during calibration/validation and for other scenarios and that 
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there could be flooding of low lying areas around the Bay which is not accounted for by 
wetting and drying in the model; however, given the moderate surge level, maximum of 
1.5 to 2.5 m, the results are believed to be a reasonable representation.  The differences in 
peak surge levels between the existing and proposed conditions are approximately 12 cm, 
or 10% increase, for Point Comfort. 

7.3.5 Tidal Amplitude Change 

A seven month (March through September) three-dimensional run was analyzed to 
determine tidal amplitude changes.  Given the diurnal nature of the tide, the mean high 
water (MHW) and mean low water (MLW) were calculated and the difference between 
them, the mean range (Mn), was calculated.  For six stations analyzed there was a 
consistent increase in the mean range of approximately 4 cm.  The results for each station 
referenced to mean sea level (MSL) datum are given in Table 7-3.  Changes in 8 tidal 
constituents were also analyzed with results presented in Figure 7-11. 
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Figure 7-11: Change in tidal constituent amplitudes (in meters) between existing 
and proposed conditions 
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Figure 7-11: (continued) 
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Table 7-3: Tidal datum estimated from seven month long simulation with existing and proposed conditions with 
corresponding differences (presented in meters) 

Station Existing 
MHW 

Proposed 
MHW 

Difference
MHW 

Existing 
MLW 

Proposed 
MLW 

Difference
MLW 

Existing 
Mn 

Proposed 
Mn 

Difference
Mn 

Point 
Comfort 0.217 0.236 0.019 -0.048 -0.071 -0.023 0.265 0.307 0.042 

Bird Island 0.163 0.176 0.013 -0.061 -0.086 -0.026 0.223 0.262 0.039 
Pass 

Cavallo 0.151 0.164 0.014 -0.054 -0.078 -0.024 0.205 0.242 0.038 

Colorado 
River 0.202 0.220 0.019 -0.027 -0.048 -0.021 0.229 0.269 0.040 

Port Lavaca 
SH35 0.226 0.244 0.018 -0.043 -0.070 -0.027 0.269 0.313 0.044 

Port 
O'Connor 0.165 0.180 0.015 -0.050 -0.073 -0.024 0.215 0.254 0.039 
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8.0 SUMMARY AND CONCLUSIONS 

The hydrodynamic and salinity modeling for the MSCIP was performed using the DHI 
Water and Environment’s MIKE3-FM modeling system.  The system solves the three-
dimensional incompressible Reynolds averaged Navier-Stokes equations under the 
assumptions of Boussinesq and of hydrostatic pressure. Thus, the model consists of 
continuity, momentum,  salinity, and density equations and is closed by a k-ε turbulent 
closure scheme. The free surface is taken into account using a sigma-coordinate 
transformation approach. The model is fully three dimensional (there are no two 
dimensional, or depth averaged, elements within the domain) and uses six uniformly 
spaced vertical layers.  The same model can also be run in two dimensional, depth 
averaged mode.  The model consists of approximately 5,500 nodes and 9,500 elements to 
represent the Matagorda Bay system.  The elements vary from length scales of 
approximately 60 m within the Matagorda Ship Channel (MSC) to greater than 3 km 
offshore.   

The bathymetry for the model is compiled from a number of sources and surveys 
including the U.S. Army Corps of Engineers (USACE) Galveston District, USACE 
Engineer Research and Development Center (ERDC), and NOAA. Bathymetry within the 
bay segments of the MSC is taken from a July 2004 USACE Galveston District pre-
dredge survey.  Bathymetry within the jetty channel segment of the MSC is taken from a 
2002 USACE ERDC survey.  The flood shoal of Pass Cavallo, the Gulf Intracoastal 
Waterway (GIWW), and Colorado River Diversion Channel bathymetry area also from 
recent (1999 to 2004) USACE Galveston District and ERDC surveys.  The majority of 
the areas within Matagorda and Lavaca Bay adjacent to the MSC are from 1993 NOAA 
surveys. Areas farther from the channel and offshore are from older (1934 to 1938) 
NOAA surveys.  Two important areas for which no recent bathymetry was found were 
the mouth of the Colorado River Diversion Channel and the ebb shoal of Pass Cavallo; 
for both of these areas bathymetry was synthesized based on available partial data 
including aerial photographs, ADCP survey bottom returns, and discussions with local 
captains familiar with the areas. Bathymetry in the upper portion of Colorado River is 
approximated based on cross section area and velocity measurements at USGS stream 
gauge locations.  

The model boundary and forcing conditions are described in the following paragraphs.  
Offshore water level boundaries are created from measured water levels at Corpus Christi 
(Bob Hall Pier).  The meteorological component of the water level is determined by 
subtracting out the predicted water levels based on NOAA tidal constituents.  The 
meteorological component is then filtered using a 4-hour moving average low pass filter 
to remove high-frequency (approximately 1 hour), nearshore effects from the data and 
added back into the predicted tide to produce the time series used at the offshore 
boundary of the Matagorda Bay model.  The water levels are adjusted to local mean sea 
level (MSL).  In addition, a steady alongshore current is added to the Gulf of Mexico 
portion of the domain. The current promotes the exchange of freshwater from Matagorda 
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Bay with the offshore more saline waters and should represent average offshore 
conditions.  The current was imposed by applying a constant slope of approximately 
0.05 m between the two lateral (cross-shore) offshore boundaries which resulted in 
current velocities of 0.1–0.25 m/s depending on local depth with constant direction from 
northeast to southwest. 

Freshwater inflows are based on USGS gauged river discharge measurements and water 
release records from Lake Texana provided by the Lavaca-Navidad River Authority 
(LNRA).  For the ungauged streams and for the partially gauged streams, inflows are 
synthesized from nearby gauged areas based on a ratio of drainage basin areas.  Wind 
forcing is based on NOAA wind records from Palacios airport, which is located 
immediately north of Matagorda Bay.  A few periods of missing wind data at Palacios 
airport were replaced with data from Port O’Connor Texas Coastal Ocean Observation 
Network (TCOON) station, since the two stations were found to report very similar wind 
conditions.  In addition, daily rainfall from Palacios airport and monthly average 
evaporation rates from nearby Lake Texana were used in the model.  These parameters 
(wind, precipitation and evaporation rates) are applied uniformly throughout the domain. 
Lastly, offshore salinity boundary conditions are based on long-term monthly averages at 
Galveston (Cochrane and Kelly, 1986). 

The model was calibrated and evaluated using salinity and hydrodynamic data collected 
specifically for this purpose during September–December 2005.  During this period there 
was relatively low freshwater inflow into the system; therefore, an additional validation 
period of September 2001 was chosen and simulated to assess the model performance 
under different hydrologic conditions.  The model results were compared against long 
term salinity measurements from the Texas Water Development Board (TWDB) and 
Lower Colorado River Authority (LCRA) during additional time periods.  The model had 
good calibration results and also performed well in the validation periods. 

Three scenarios were simulated for assessment of salinity impacts due to the proposed 
project.  Each scenario was simulated for both the existing conditions and for the 
proposed conditions including channel modifications, in-bay placement areas, and 
proposed modifications to the Jetty Channel (based on U.S. Army Corps of Engineers 
Galveston District’s presently preferred alternative to remove the “bottleneck” on both 
sides of the jetties).  These scenarios included a low inflow condition (based on the 
critical inflows determined by the most recent Freshwater Inflow Needs Study (LCRA et 
al, 2005) for Matagorda Bay), a median inflow condition (based on long-term gage 
records for the Colorado and Lavaca Rivers), and a high inflow condition (based on 
actual conditions during August 1998 through February 1999).  In addition, a hurricane 
simulation was conducted in the two dimensional mode of the model to assess the project 
effect on water level difference due to such an event.  Results from these simulations are 
presented. 

The results of the modeling effort showed a small increase in bottom salinity for the low 
inflow condition, typically less than 0.5 PSU in Lavaca Bay.  The median inflow scenario 
showed an average bottom salinity increase of 1.5 to 3 PSU in Lavaca Bay with largest 
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difference in the later months of the scenario.  The high inflow scenario showed the 
largest bottom salinity increase, with an average 3 to 6 PSU typical in Lavaca Bay and 
along the ship channel.  There was little difference seen in any of the scenarios for the 
eastern portion of Matagorda Bay including near the Colorado River Diversion Channel.  
The hurricane scenario showed relatively small change in peak surge elevation, typically 
less than 10%. 

The developed model is based on state-of-the-art methodology and delivers the best 
available set of tools for predicting hydrodynamics and salinity exchange in a complex 
environment like Matagorda Bay.  As the model has high capabilities, each application 
requires finding a balance between available resources and desired accuracy.  Accuracy 
of the numerical scheme mainly depends on the spatial and temporal resolution used in 
the model, while the boundary conditions have a greater effect on the overall model 
performance. 

The developed model is found to perform well within the margins determined by 
uncertainties in applied boundary conditions and the model results accurately compare to 
available measurements within a certain level of measurement errors.  The model 
performs the best during typical river inflows (such as median inflows) and is very well 
suited to assessing long term average salinities and salinity changes.  The only model 
limitation determined was when a highly stratified flow is generated.  This happens 
during and immediately after an event of high river inflow into Lavaca Bay.  In such a 
case, the model initially underestimates the degree of stratification, which results in 
overall under-predicting of the absolute values of salinity. However, as time progresses 
the actual stratification levels reduce due to mixing ongoing in the bay and are better 
predicted by the model, the model results start converging to the expected levels of 
salinity. 

Based on model verification simulation of an over two month period, the average error in 
prediction of absolute salinity levels in Lavaca Bay during very high river inflows is on 
the order of 2.5–3 PSU with a tendency to under-predict actual values.  This systematic 
error also depends on the total inflow, i.e. for a smaller event the error is less, and on the 
duration of recovery period simulated, as averaging over a longer period also reduces the 
error. 

During low and median inflows, the errors in Lavaca Bay are on the order of 1 PSU with 
a tendency to over-predict actual values based on model verification simulation.  At these 
inflows, the vertical stratification in the bay is low except for deep areas such as in the 
navigation channel, and is estimated most accurately. 

While the absolute values of salinity predicted by the model have some level of 
uncertainty, by calculating the differences between the results for existing and proposed 
conditions with the application of the same boundary conditions, a number of sources for 
errors are eliminated and systematic errors are reduced.  Differences calculated between 
long term averaged values are even more accurate.  Therefore, averages calculated over 
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one month and six month periods salinity fields and differences provide very accurate 
estimates for the expected changes in the bay system due to the proposed project. 
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Figure A-1: Bottom Salinity Field: Existing Condition, Low Inflow Scenario, April–September Average 
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Figure A-2: Bottom Salinity Field: Existing Condition, Low Inflow Scenario, April Average 
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Figure A-3: Bottom Salinity Field: Existing Condition, Low Inflow Scenario, May Average 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

4

24

26

26

26

28

28

28

28

30

32

Easting, m
UTM−14

N
or

th
in

g,
 m

Existing Channel
Low Inflow Scenario

JUNE AVERAGE

730000 740000 750000 760000 770000 780000 790000 800000

3135000

3140000

3145000

3150000

3155000

3160000

3165000

3170000

3175000

3180000

3185000

S
al

in
ity

, P
S

U

5

10

15

20

25

30

35

 
Figure A-4: Bottom Salinity Field: Existing Condition, Low Inflow Scenario, June Average 
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Figure A-1: Bottom Salinity Field: Existing Condition, Low Inflow Scenario, July Average 
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Figure A-2: Bottom Salinity Field: Existing Condition, Low Inflow Scenario, August Average 
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Figure A-3: Bottom Salinity Field: Existing Condition, Low Inflow Scenario, September Average 
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Figure A-4: Bottom Salinity Field: Proposed Condition, Low Inflow Scenario, April–September Average 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

4

20

22

22

24

24
26

26

26

28

28

28

28

Easting, m
UTM−14

N
or

th
in

g,
 m

Proposed Channel and Placement Areas
Low Inflow Scenario

APRIL AVERAGE

730000 740000 750000 760000 770000 780000 790000 800000

3135000

3140000

3145000

3150000

3155000

3160000

3165000

3170000

3175000

3180000

3185000

S
al

in
ity

, P
S

U

5

10

15

20

25

30

35

 
Figure A-5: Bottom Salinity Field: Proposed Condition, Low Inflow Scenario, April Average 
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Figure A-6: Bottom Salinity Field: Proposed Condition, Low Inflow Scenario, May Average 
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Figure A-7: Bottom Salinity Field: Proposed Condition, Low Inflow Scenario, June Average 
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Figure A-8: Bottom Salinity Field: Proposed Condition, Low Inflow Scenario, July Average 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

24

24

26

26

28

28

28

30

30

30

30

32

32

34

34

Easting, m
UTM−14

N
or

th
in

g,
 m

Proposed Channel and Placement Areas
Low Inflow Scenario
AUGUST AVERAGE

730000 740000 750000 760000 770000 780000 790000 800000

3135000

3140000

3145000

3150000

3155000

3160000

3165000

3170000

3175000

3180000

3185000

S
al

in
ity

, P
S

U

5

10

15

20

25

30

35

 
Figure A-9: Bottom Salinity Field: Proposed Condition, Low Inflow Scenario, August Average 
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Figure A-10: Bottom Salinity Field: Proposed Condition, Low Inflow Scenario, September Average 
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Figure A-11: Bottom Salinity Difference Field: Low Inflow Scenario, April–September Average 
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Figure A-12: Bottom Salinity Difference Field: Low Inflow Scenario, April Average 
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Figure A-13: Bottom Salinity Difference Field: Low Inflow Scenario, May Average 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

0
0 0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

00

0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

1 112

Easting, m
UTM−14

N
or

th
in

g,
 m

Difference between Proposed and Existing
Low Inflow Scenario

JUNE AVERAGE

730000 740000 750000 760000 770000 780000 790000 800000

3135000

3140000

3145000

3150000

3155000

3160000

3165000

3170000

3175000

3180000

3185000

S
al

in
ity

, P
S

U

−6

−4

−2

0

2

4

6

 
Figure A-14: Bottom Salinity Difference Field: Low Inflow Scenario, June Average 
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Figure A-15: Bottom Salinity Difference Field: Low Inflow Scenario, July Average 
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Figure A-16: Bottom Salinity Difference Field: Low Inflow Scenario, August Average 
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Figure A-17: Bottom Salinity Difference Field: Low Inflow Scenario, September Average 
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Figure A-18: Salinity in existing and proposed conditions at long term gauge locations: Low Inflow Scenario 
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Figure A-18: (continued) 
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Figure A-18: (continued) 
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Figure A-18: (continued) 
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Figure A-18: (continued) 
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Figure A-18: (continued) 
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Figure A-18: (continued) 
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Figure A-18: (continued) 
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Figure A-19: Salinity in existing and proposed conditions at additional locations: Low Inflow Scenario 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure A-19: (continued) 
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Figure B-1: Bottom Salinity Field: Existing Condition, Median Inflow with Hurricane Scenario, April–September Average 
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Figure B-2: Bottom Salinity Field: Existing Condition, Median Inflow with Hurricane Scenario, April Average 
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Figure B-3: Bottom Salinity Field: Existing Condition, Median Inflow with Hurricane Scenario, May Average 
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Figure B-4: Bottom Salinity Field: Existing Condition, Median Inflow with Hurricane Scenario, June Average 
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Figure B-5: Bottom Salinity Field: Existing Condition, Median Inflow with Hurricane Scenario, July Average 
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Figure B-6: Bottom Salinity Field: Existing Condition, Median Inflow with Hurricane Scenario, August Average 
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Figure B-7: Bottom Salinity Field: Existing Condition, Median Inflow with Hurricane Scenario, September Average 
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Figure B-8: Bottom Salinity Field: Proposed Condition, Median Inflow with Hurricane Scenario, April–September Average 
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Figure B-9: Bottom Salinity Field: Proposed Condition, Median Inflow with Hurricane Scenario, April Average 
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Figure B-10: Bottom Salinity Field: Proposed Condition, Median Inflow with Hurricane Scenario, May Average 
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Figure B-11: Bottom Salinity Field: Proposed Condition, Median Inflow with Hurricane Scenario, June Average 
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Figure B-12: Bottom Salinity Field: Proposed Condition, Median Inflow with Hurricane Scenario, July Average 
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Figure B-13: Bottom Salinity Field: Proposed Condition, Median Inflow with Hurricane Scenario, August Average 
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Figure B-14: Bottom Salinity Field: Proposed Condition, Median Inflow with Hurricane Scenario, September Average 
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Figure B-15: Bottom Salinity Difference Field: Median Inflow with Hurricane Scenario, April–September Average 
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Figure B-16: Bottom Salinity Difference Field: Median Inflow with Hurricane Scenario, April Average 
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Figure B-17: Bottom Salinity Difference Field: Median Inflow with Hurricane Scenario, May Average 
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Figure B-18: Bottom Salinity Difference Field: Median Inflow with Hurricane Scenario, June Average 
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Figure B-19: Bottom Salinity Difference Field: Median Inflow with Hurricane Scenario, July Average 
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Figure B-20: Bottom Salinity Difference Field: Median Inflow with Hurricane Scenario, August Average 
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Figure B-21: Bottom Salinity Difference Field: Median Inflow with Hurricane Scenario, September Average 
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Figure B-22: Salinity in existing and proposed conditions at long term gauge locations: Median Inflow with Hurricane 
Scenario  
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Figure B-22: (continued) 
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Figure B-22: (continued) 
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Figure B-22: (continued) 
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Figure B-22: (continued) 
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Figure B-22: (continued) 
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Figure B-22: (continued) 
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Figure B-22: (continued) 
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Figure B-23: Salinity in existing and proposed conditions at additional locations: Median Inflow with Hurricane Scenario 
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Figure B-23: (continued) 
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Figure B-23: (continued) 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

Present
Proposed

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
−2

0

2

4

6

8

10

D
iff

er
en

ce
, P

S
U

Prop − Pres =  2.50

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
0

5

10

15

20

25

30

35

S
al

in
ity

, P
S

U

MSC North

ε
rms

 = 2.971

MAE =  2.53

 
Figure B-23: (continued) 
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Figure B-23: (continued) 
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Figure B-23: (continued) 
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Figure B-23: (continued) 
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Figure B-23: (continued) 
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Figure B-23: (continued) 
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Figure B-23: (continued) 
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APPENDIX C 
  

MODEL RESULTS FOR MEDIAN INFLOW 
WITHOUT HURRICANE SCENARIO 
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Figure C-1: Bottom Salinity Field: Existing Condition, Median Inflow w/o Hurricane Scenario, April–September Average 
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Figure C-2: Bottom Salinity Field: Existing Condition, Median Inflow without Hurricane Scenario, April Average 
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Figure C-3: Bottom Salinity Field: Existing Condition, Median Inflow without Hurricane Scenario, May Average 
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Figure C-4: Bottom Salinity Field: Existing Condition, Median Inflow without Hurricane Scenario, June Average 
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Figure C-5: Bottom Salinity Field: Existing Condition, Median Inflow without Hurricane Scenario, July Average 
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Figure C-6: Bottom Salinity Field: Existing Condition, Median Inflow without Hurricane Scenario, August Average 
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Figure C-7: Bottom Salinity Field: Existing Condition, Median Inflow without Hurricane Scenario, September Average 
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Figure C-8: Bottom Salinity Field: Proposed Condition, Median Inflow w/o Hurricane Scenario, April–September Average 
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Figure C-9: Bottom Salinity Field: Proposed Condition, Median Inflow without Hurricane Scenario, April Average 
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Figure C-10: Bottom Salinity Field: Proposed Condition, Median Inflow without Hurricane Scenario, May Average 
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Figure C-11: Bottom Salinity Field: Proposed Condition, Median Inflow without Hurricane Scenario, June Average 
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Figure C-12: Bottom Salinity Field: Proposed Condition, Median Inflow without Hurricane Scenario, July Average 
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Figure C-13: Bottom Salinity Field: Proposed Condition, Median Inflow without Hurricane Scenario, August Average 
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Figure C-14: Bottom Salinity Field: Proposed Condition, Median Inflow without Hurricane Scenario, September Average 
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Figure C-15: Bottom Salinity Difference Field: Median Inflow without Hurricane Scenario, April–September Average 
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Figure C-16: Bottom Salinity Difference Field: Median Inflow without Hurricane Scenario, April Average 
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Figure C-17: Bottom Salinity Difference Field: Median Inflow without Hurricane Scenario, May Average 
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Figure C-18: Bottom Salinity Difference Field: Median Inflow without Hurricane Scenario, June Average 
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Figure C-19: Bottom Salinity Difference Field: Median Inflow without Hurricane Scenario, July Average 
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Figure C-20: Bottom Salinity Difference Field: Median Inflow without Hurricane Scenario, August Average 
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Figure C-21: Bottom Salinity Difference Field: Median Inflow without Hurricane Scenario, September Average 
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Figure C-22: Salinity in existing and proposed conditions at long term gauge locations: Median Inflow without Hurricane 
Scenario  
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Figure C-22: (continued) 
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Figure C-22: (continued) 
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Figure C-22: (continued) 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

Present
Proposed

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
−0.5

0

0.5

1

1.5

D
iff

er
en

ce
, P

S
U

Prop − Pres =  0.49

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
0

5

10

15

20

25

30

35

S
al

in
ity

, P
S

U

Carancahua Bay

ε
rms

 = 0.518

MAE =  0.49

 
Figure C-22: (continued) 
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Figure C-22: (continued) 
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Figure C-22: (continued) 
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Figure C-22: (continued) 
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Figure C-23: Salinity in existing and proposed conditions at additional locations: Median Inflow without Hurricane Scenario 
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Figure C-23: (continued) 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

Present
Proposed

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
−2

0

2

4

6

8

D
iff

er
en

ce
, P

S
U

Prop − Pres =  3.16

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
0

5

10

15

20

25

30

35

S
al

in
ity

, P
S

U

Alcoa Channel

ε
rms

 = 3.722

MAE =  3.19

 
Figure C-23: (continued) 
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Figure C-23: (continued) 
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Figure C-23: (continued) 
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Figure C-23: (continued) 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

Present
Proposed

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
−1

0

1

2

3

D
iff

er
en

ce
, P

S
U

Prop − Pres =  1.00

Feb Mar Apr May Jun Jul Aug Sep Oct Nov
0

5

10

15

20

25

30

35

S
al

in
ity

, P
S

U

Keller Bay

ε
rms

 = 1.457

MAE =  1.00

 
Figure C-23: (continued) 
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Figure C-23: (continued) 
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Figure C-23: (continued) 
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Figure C-23: (continued) 
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Figure D-1: Bottom Salinity Field: Existing Condition, High Inflow Scenario, September–February Average 
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Figure D-2: Bottom Salinity Field: Existing Condition, High Inflow Scenario, September Average 
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Figure D-3: Bottom Salinity Field: Existing Condition, High Inflow Scenario, October Average 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

2

2

2

2

2

4

4

4

4

6

6

6
6

6

8

8

8

8

8

10

10

10

12

12

12

14

14

16 16

18

18

18
18

20
20

20

22

22

22

24

24

24

26
26

28

28

Easting, m
UTM−14

N
or

th
in

g,
 m

Existing Channel
High Inflow Scenario

NOVEMBER AVERAGE

730000 740000 750000 760000 770000 780000 790000 800000

3135000

3140000

3145000

3150000

3155000

3160000

3165000

3170000

3175000

3180000

3185000

S
al

in
ity

, P
S

U

5

10

15

20

25

30

35

 
Figure D-4: Bottom Salinity Field: Existing Condition, High Inflow Scenario, November Average 
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Figure D-5: Bottom Salinity Field: Existing Condition, High Inflow Scenario, December Average 
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Figure D-6: Bottom Salinity Field: Existing Condition, High Inflow Scenario, January Average 
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Figure D-7: Bottom Salinity Field: Existing Condition, High Inflow Scenario, February Average 
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Figure D-8: Bottom Salinity Field: Proposed Condition, High Inflow Scenario, September–February Average 
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Figure D-9: Bottom Salinity Field: Proposed Condition, High Inflow Scenario, September Average 
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Figure D-10: Bottom Salinity Field: Proposed Condition, High Inflow Scenario, October Average 
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Figure D-11: Bottom Salinity Field: Proposed Condition, High Inflow Scenario, November Average 
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Figure D-12: Bottom Salinity Field: Proposed Condition, High Inflow Scenario, December Average 
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Figure D-13: Bottom Salinity Field: Proposed Condition, High Inflow Scenario, January Average 
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Figure D-14: Bottom Salinity Field: Proposed Condition, High Inflow Scenario, February Average 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

−0
.5

−0.5

−0.5

−0.5

0
0

0

0

0

0

0

0

0
0

0

0
0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0 00
0

0 0

0

0

0

0

0.5

0.
5

0.5

0.5

0.
5

0.
5

1

1
1

1

1

1.5

1.5

1.5

2

2

2

2

2

2.5

2.5

2.5

2.5

3

3

3

3

3

3

3 3

33 3

3.
5

3.5

3.5
3.5

4

4 4

4

4.5

4.5

5

5

5
5

5.5

6

Easting, m
UTM−14

N
or

th
in

g,
 m

Difference between Proposed and Existing
High Inflow Scenario

SIX MONTH AVERAGE (SEPTEMBER − FEBRUARY)

730000 740000 750000 760000 770000 780000 790000 800000

3135000

3140000

3145000

3150000

3155000

3160000

3165000

3170000

3175000

3180000

3185000

S
al

in
ity

, P
S

U

−6

−4

−2

0

2

4

6

 
Figure D-15: Bottom Salinity Difference Field: High Inflow Scenario, September–February Average 
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Figure D-16: Bottom Salinity Difference Field: High Inflow Scenario, September Average 
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Figure D-17: Bottom Salinity Difference Field: High Inflow Scenario, October Average 
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Figure D-18: Bottom Salinity Difference Field: High Inflow Scenario, November Average 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

−1

−1

−0.5

−0.5

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

0 0 0

0

0

0

0

0 0

0.5

0.
5

0.5

0.
5

0.5

0.5

0.
5

1

1

1

1

1

1

1

1
1

1

1.5

1.5

1.
5

1.5

1.
5

2

2

2

2

2

2.
5

2.5

2.5

3

3

3

33

3.
5

3.5

3.5

4

4

4

4

4
4

4

4

4

4

4.5

4.5

4.54.5

5

5

5
5

5.5

5.5

6

6

6

6.5 6.5

7

7

7

7
7

7

7

7.5

8

88

Easting, m
UTM−14

N
or

th
in

g,
 m

Difference between Proposed and Existing
High Inflow Scenario

DECEMBER AVERAGE

730000 740000 750000 760000 770000 780000 790000 800000

3135000

3140000

3145000

3150000

3155000

3160000

3165000

3170000

3175000

3180000

3185000

S
al

in
ity

, P
S

U

−6

−4

−2

0

2

4

6

 
Figure D-19: Bottom Salinity Difference Field: High Inflow Scenario, December Average 
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Figure D-20: Bottom Salinity Difference Field: High Inflow Scenario, January Average 
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Figure D-21: Bottom Salinity Difference Field: High Inflow Scenario, February Average 
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Figure D-22: Salinity in existing and proposed conditions at long term gauge locations: High Inflow Scenario  
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Figure D-22: (continued) 
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Figure D-22: (continued) 
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Figure D-22: (continued) 
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Figure D-22: (continued) 
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Figure D-22: (continued) 
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Figure D-22: (continued) 
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Figure D-22: (continued) 
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Figure D-23: Salinity in existing and proposed conditions at additional locations: High Inflow 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-23: (continued) 
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Figure D-24: Surface and bottom salinity in existing condition at channel locations: High Inflow 



Calhoun County Navigation District M&N Project No. 5669
Matagorda Ship Channel Improvement Project   Rev: 0
Hydrodynamic and Salinity Model 

  

 

 

Surface
Bottom

Aug Sep Oct Nov Dec Jan Feb Mar
−2

0

2

4

6

8

10

D
iff

er
en

ce
, P

S
U

Bottom − Surface =  2.20

Aug Sep Oct Nov Dec Jan Feb Mar
0

5

10

15

20

25

30

35

S
al

in
ity

, P
S

U

Middle

ε
rms

 = 2.959

MAE =  2.20

 
Figure D-24: (continued) 
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Figure D-24: (continued) 
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Figure D-25: Surface and bottom salinity in proposed condition at channel locations: High Inflow 
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Figure D-25: (continued) 
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Figure D-25: (continued) 
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APPENDIX E 
  

SALINITY CONTOUR MAPS FOR MEDIAN 
AND HIGH INFLOW SCENARIOS 
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Figure E-1: Bottom Salinity Contours: Median Inflow with Hurricane Scenario, April–September Average 
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Figure E-2: Bottom Salinity Contours: Median Inflow with Hurricane Scenario, April Average 
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Figure E-3: Bottom Salinity Contours: Median Inflow with Hurricane Scenario, May Average 
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Figure E-4: Bottom Salinity Contours: Median Inflow with Hurricane Scenario, August Average 
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Figure E-5: Bottom Salinity Contours: Median Inflow with Hurricane Scenario, September Average 
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Figure E-6: Bottom Salinity Contours: Median Inflow without Hurricane Scenario, April–September Average 
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Figure E-7: Bottom Salinity Contours: Median Inflow without Hurricane Scenario, August Average 
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Figure E-8: Bottom Salinity Contours: Median Inflow without Hurricane Scenario, September Average 
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Figure E-9: Bottom Salinity Contours: High Inflow Scenario, September–February Average 
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Figure E-10: Bottom Salinity Contours: High Inflow Scenario, September Average 
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Figure E-11: Bottom Salinity Contours: High Inflow Scenario, October Average 
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Figure E-12: Bottom Salinity Contours: High Inflow Scenario, January Average 
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Figure E-13: Bottom Salinity Contours: High Inflow Scenario, February Average 
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Figure F-1: Results for water levels in existing and proposed configurations at Point Comfort 
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Figure F-2: Results for water levels in existing and proposed configurations at Bird Island 
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Figure F-3: Results for water levels in existing and proposed configurations at Point Comfort 
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Figure F-4: Results for water levels in existing and proposed configurations at Pass Cavallo 
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Figure F-5: Results for water levels in existing and proposed configurations at Port Lavaca SH35 
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Figure F-6: Results for water levels in existing and proposed configurations at Port O’Connor 
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Figure F-7: Results for water levels in existing and proposed configurations at Point Comfort (zoomed to hurricane 
Claudette) 
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Figure F-8: Results for water levels in existing and proposed configurations at Bird Island (zoomed to hurricane Claudette) 
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Figure F-9: Results for water levels in existing and proposed configurations at Pass Cavallo (zoomed to hurricane Claudette) 
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Figure F-10: Results for water levels in existing and proposed configurations at Point Comfort (zoomed to hurricane 
Claudette) 
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Figure F-11: Results for water levels in existing and proposed configurations at Port Lavaca SH35 (zoomed to hurricane 
Claudette) 
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Figure F-12: Results for water levels in existing and proposed configurations at Port O’Connor (zoomed to hurricane 
Claudette) 
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1.0 INTRODUCTION 

The Calhoun County Navigation District of Calhoun County, Texas (CCND) applied to the U.S. Army 
Corps of Engineers (USACE), Galveston District, for a Clean Water Act Section 404 permit and Rivers 
and Harbors Act Section 10 permit for dredge and fill activities related to improving the Matagorda Ship 
Channel (MSC) on January 10, 2006. Activities subject to the jurisdiction of the USACE would include 
dredging in navigable waters to deepen and widen portions of the MSC and placement of fill in waters of 
the U.S.  

The MSC is approximately 26 miles long extending from Port of Port Lavaca – Point Comfort (Port) 
turning basin in Lavaca Bay through the southwest section of Matagorda Bay and offshore into the Gulf 
of Mexico (Gulf) through Matagorda Peninsula (Figure L.1-1), and was first authorized by Congress 
under the Rivers and Harbors Act of 1958 (House Document 388, 84th Congress, Second Session). The 
In-Bay Channel is authorized to be maintained at a project width of 200 feet (ft) and a depth of -36 ft 
mean low tide (MLT), plus 2 ft of advanced maintenance depth and an additional 2 ft of paid over depth 
to compensate for physical conditions and inaccuracies in the dredging process. Side slopes for the In-Bay 
Channel are maintained at a 3 vertical to 1 horizontal slope ratio. The Entrance Channel is authorized to 
be maintained at a width of 300 ft and a depth of -38 ft MLT plus 3 ft of advanced maintenance depth and 
2 ft of paid allowable over depth, with a 10 to 1 side slope ratio. The frequency of routine maintenance 
dredging within the authorized Entrance Channel limits is approximately once every 2.56 years, 
producing an average of 764,994 cubic yards of dredged material per cycle, with the material placed at an 
existing designated maintenance Ocean Dredged Material Disposal Site (ODMDS). This existing 
474-acre ODMDS is located approximately 2 miles offshore and 1,000 ft south of the Entrance Channel 
centerline in ambient water depths ranging from approximately -30 ft to -36 ft MLT. 

1.1 PROPOSED CHANNEL IMPROVEMENT PROJECT 

The CCND proposes to widen and deepen approximately 27 miles of the MSC from the Port marine slips 
and existing Point Comfort Turning Basin in Lavaca Bay (Sta. 118+502) through the southwest section of 
Matagorda Bay and offshore into the Gulf (Sta. -23+000) (Figure L.1-2). The CCND would also deepen 
its existing facilities to match the proposed channel improvement and construct a new turning basin at the 
intersection of the MSC and Alcoa Channel. The In-Bay Channel is proposed to be deepened from -36 ft 
MLT to -44 ft MLT with 2 ft of advance maintenance and 2 ft of allowable over depth, and widened from 
200 ft to 400 ft. The Entrance Channel is proposed to be deepened from -38 ft MLT to -46 ft MLT with 
3 ft of advance maintenance and 2 ft of allowable over depth, and widened from 300 ft to 600 ft. In 
addition, the new turning basin is proposed to allow for a ship turning circle of 1,650 ft, at a depth of 
-44 ft MLT with 2 ft of advance maintenance and 2 ft of allowable over depth. Approximately, 
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46.5 million cubic yard (mcy) of new work material will be generated upon initial construction and 
257.5 mcy of maintenance material will be generated over a period of 50 years after construction of the 
improvement project. The channel improvements proposed by the CCND will require the permanent 
placement of dredged material into an array of dredged material placement areas located within the 
Matagorda Bay region and offshore in the Gulf.  

1.1.1 Project Purpose and Need 

The existing MSC project provides deep-draft liquid tanker and dry bulk carrier access from the Gulf to 
the Port. The CCND has determined a need to reduce transportation costs, increase operational 
efficiencies of commodities moving through the Port, and improve navigation safety. This need was 
derived from an analysis of current and projected vessel transits, cargo tonnage, and capacity at the 
existing and proposed terminal facilities. The Port currently handles a variety of products, the principle 
being petroleum, aluminum ore, chemicals, and allied products. Approximately 90% of vessels that call at 
the Port are required to light-load due to draft limitations of the present channel configuration. By 
expanding channel dimensions, cargo vessels could reduce or eliminate light loading requirements, and 
larger cargo vessels unable to transit due to the existing channel configuration could begin port calls. An 
expanded channel may also allow two-way traffic for certain vessel classes to safely transit and/or reduce 
tug usage. Additionally, proposals to construct a Liquefied Natural Gas (LNG) regasification terminal and 
modify an existing power plant (Joslin Unit) to consume petroleum coke, would benefit from an 
improved channel. Both of these facilities are in the advance stages of the permitting process. 

1.1.2 Project Alternatives 

Design parameters for channel dimensions are normally based on the channel width and depth versus the 
maximum beam and draft allowed to transit the channel. Several channel configurations were considered 
to meet the need for the project. Ultimately, the MSC configuration was optimized to allow for meeting 
the requirements as described in Section 1.1.1 and to minimize net habitat impacts and to maximize net 
economic benefits.  

As discussed earlier, the proposed channel improvement project would generate approximately 46.5 mcy 
of new work material and 257.5 mcy of maintenance material, as cumulatively estimated over a period of 
50 years. Through coordination with the multi-agency Resource Agency Working Group (RAWG), a 
Dredged Material Management Plan (DMMP) was developed that identified utilization and placement of 
the dredged material in an environmentally acceptable and economically sound manner. In summary, 
thirteen disposal management alternatives (including the no action plan) were considered for the 
placement options. Each alternative included placement of the dredged material in an array of Dredged 
Material Placement Areas (DMPA). Seven of the 13 disposal management alternatives were screened out 
early in the process due to either not being economically or environmental feasibility. The remaining 
disposal management alternatives were further evaluated to identify the preferred DMMP. These 
alternatives consisted of disposal features to place the new work and maintenance dredged material in 
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upland confinement sites, in-bay confinement sites, ODMDS and to beneficially use the dredged material 
to: (1) cap in-situ contaminated bottom sediments; (2) provide shoreline protection; (3) restore beaches; 
and (4) create oyster reefs, marshes and other habitat areas. The evaluation for selection of the preferred 
DMMP was driven by outputs from the Habitat Equivalency Analysis (HEA). In general, the HEA 
outputs allowed the RAWG to compare habitat functional values of impacted versus created areas over 
the 50-year performance period for each DMMP alternative. These comparisons, plus economic 
considerations, for each alternative were then carried forward to select the preferred DMMP. Information 
regarding HEA’s computation methodology is described in Appendix H of the Draft Environmental 
Impact Statement (DEIS) for the Proposed Matagorda Ship Channel (USACE, 2006a).  

The preferred DMMP entails features that will utilize new work and maintenance dredged material to: (1) 
create an in-bay upland site located south of the Port at the existing USACE in-bay dredged material 
Placement Areas (PA) 18 and 19 with 3.3 mcy of new work material and 45.1 mcy of future maintenance 
material; (2) create a combination upland and marsh site along the northern shore of Cox Bay to eliminate 
future erosion in this area with 6.2 mcy of new work material; (3) create a clay core oyster reef within 
Lavaca Bay along the east and west side of the MSC with approximately 1.0 mcy of new work material; 
(4) provide nourishment on public beaches along the Magnolia-Indianola shoreline with 1.9 mcy of new 
work material; (5) create an in-bay upland site adjacent to the southwest side of the existing Dredge 
Island with 1.6 mcy of new work material and 14.8 mcy of maintenance material; (6) aquatically cap in-
situ bottom sediments contaminated with elevated levels of mercury within Lavaca Bay southwest of 
Dredge Island with 0.4 mcy of new work stiff clay material and create oyster reefs on the mounded caps; 
(7) cap in-situ bottom sediments contaminated with elevated levels of mercury located in shallow waters 
along State Highway 35 and then create an upland site with 2.1 mcy of new work material and 6.9 mcy of 
future maintenance material; (8) cap in-situ bottom sediments contaminated with elevated levels of 
mercury located on the northern edge of Dredge Island and then create a transitional marsh to upland site 
with 2.3 mcy of new work material and 13.2 mcy of future maintenance material; (9) protect the eroding 
shoreline at Sand Point by constructing armored earthen levees and in-bay marshes with 4.7 mcy of new 
work material; 10) create a terrestrial upland disposal site located immediately south of Alamo Beach on 
agriculture lands with 1.0 mcy of new work material and 55 mcy of future maintenance; (11) place 
108.9 mcy of future maintenance material in existing in-bay unconfined placement areas located northeast 
of the MSC; (12) create a multi-use habitat site located north of Port O’Conner along the MSC to include 
marshes, submerged aquatic platforms, and bird island with 10.0 mcy of new work material; (13) place 
13.6 mcy of future maintenance material from the MSC Entrance Channel at the existing Matagorda 
ODMDS located 2 miles offshore from the Matagorda Peninsula and 1,000 ft south of the MSC Entrance 
Channel centerline; and (14) place 8.8 mcy of soft clay material from the MSC In-Bay Channel and 
3.2 mcy of mixed material from the MSC Entrance Channel at a proposed ODMDS site located 
approximately 3.5 miles offshore from the Matagorda Peninsula and 1,000 ft south of the MSC Entrance 
Channel centerline. A complete description of the DMMP’s placement area features can be found in 
Appendix B of the DEIS for the Proposed Matagorda Ship Channel (USACE, 2006a).  
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The beneficial use of new work or maintenance material from the Entrance Channel was also evaluated. 
Beneficially using dredged material generated from the Entrance Channel rather than placement at an 
ODMDS was considered for renourishing Matagorda Peninsula’s receding shoreline, downdrift of the 
Entrance Channel jetties. However, further evaluation determined the material from the Entrance Channel 
would need to be pumped ashore by either a cutterhead hydraulic pipeline dredge or by a hopper dredge 
with a pump out system, which would require mooring and connecting to a discharge pipe for each load 
of dredged material. Both operations were considered to be not feasible, given the strong currents and 
large waves that frequent the Entrance Channel, which would create unsafe conditions for a cutterhead 
hydraulic pipeline dredge, and the cost associated with discharging material through a pump out system 
on a hopper dredge would be economically prohibitive. Additionally, the predominant direction in which 
sediment is moving alongshore Matagorda Peninsula is southwesterly (USACE, 2006b). Ultimately, 
sediments placed on the peninsula’s shoreline, downdrift of the southwestern jetty, would move toward 
Pass Cavallo, and could eventually further constrict the opening. Therefore, because of high risks and 
costs, the beach nourishment beneficial use alternative for Matagorda Peninsula was eliminated from 
further analysis for the MSC’s Entrance Channel sediments. 

An additional alternative of beneficially utilizing dredged material from the soft clay In-Bay Channel 
reaches rather than placement at an ocean disposal site was considered. The shoreline at Sand Point is 
eroding at 12 ft/year causing a threat to an adjacent marsh system from higher salinity waters within 
Matagorda Bay, while the shoreline between Keller Bay and Matagorda Bay is eroding at a rate of 
4 ft/year, which threatens the integrity of Keller Bay and its seagrass and marsh habitats. The soft clay 
dredged sediments from the In-Bay Channel reaches were evaluated to provide fill material for 
constructing an upland fill site located within open water to provide shoreline protection against further 
recession for the peninsula at Sand Point. However, this alternative would result in the loss of 
approximately 342 acres of open bay bottom. Therefore, it was concluded to create a marsh habitat in 
front of the peninsula to dampen future erosion, rather than construct an upland site that could receive a 
large volume of soft clay material from the In-Bay Channel. Thus, the in-bay beneficial use option for the 
8.8 mcy of the MSC In-Bay Channel’s soft clay material was determined to be not environmentally 
preferable. 

1.2 ODMDS DESIGNATION 

Ocean disposal of dredged material was not specifically regulated in the United States until passage of the 
Marine Protection, Research and Sanctuaries Act of 1972 (MPRSA). Limited regulation was provided by 
the Supervisors’ Act of 1888 and the Refuse Act of 1899. Under these acts, transportation and navigation 
factors, rather than environmental considerations, guided selection of placement locations by the USACE 
and the issuance of permits for ocean disposal. 

Although the Fish and Wildlife Coordination Act of 1958 initially referred to inland tidal waters, it 
included consideration of the effects of dredged material on commercially important marine species. This 
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act, together with subsequent judicial decisions, empowered the USACE to refuse permits if the dredging 
or filling of a bay or estuary would result in significant, unavoidable damage to the marine ecosystem. 

MPRSA and the Federal Water Pollution Control Act (FWPCA), later amended by the Clean Water Act 
of 1977, both passed in 1972 and specifically addressed waste disposal in the aquatic and the marine 
environment. The FWPCA and the Water Quality Improvement Act of 1970 set up specific water-quality 
criteria to be used as guidelines in controlling discharges into marine and aquatic environments. These 
water-quality criteria applied to placement of dredged material only in cases where fixed pipelines were 
used to transport and discharge dredged material into the environment at discrete points. MPRSA, 
however, specifically regulates the transport and ultimate disposal of waste materials in the ocean. Under 
Title I of MPRSA, the primary regulatory vehicle of the Act, a permit program for the disposal of dredged 
and nondredged materials was established that mandates determination of impacts and provides for 
enforcement of permit conditions. 

The August 1975 London Convention on the Prevention of Marine Pollution by Dumping of Wastes and 
Other Matter (Convention) is the principal international agreement governing ocean dumping. The 
Convention specifies that contracting nations will regulate disposal in the marine environment within 
their jurisdiction, disallowing all disposal without permits. The nature and quantities of all waste material 
and the circumstances of disposal must be periodically reported to the International Maritime 
Organization (formerly the Inter-Governmental Maritime Consultative Organization), which administers 
the Convention. 

In October 1973, the Environmental Protection Agency (EPA) issued the final Ocean Dumping 
Regulations and Criteria (the Regulations or Ocean Dumping Regulations), revised in January 1977 (40 
CFR Parts 220 to 229). These regulations established procedures and criteria for review of ocean disposal 
permit applications (Part 227); assessment of impacts of ocean disposal and alternative disposal methods; 
enforcement of permits; and designation and management of ocean disposal sites (Part 228). They also 
established procedures by which the EPA is authorized to designate ODMDSs and times for ocean 
disposal of acceptable materials under Section 102(c) of the MPRSA and the criteria for site designation, 
including general and specific criteria for site selection. 

The EPA is mandated with the authority granted by Congress to regulate ocean dumping and with the 
responsibility for site designation, monitoring, and management, as stated specifically in 40 CFR 
228.4(e)(1). The EPA has been requested to designate an ocean disposal site for the one-time placement 
of new work dredged material generated by the MSC Improvement Project (MSCIP). While EPA is a 
member of the DMMP Workgroup, EPA is not advocating improvements to the MSC. Additionally, 
although EPA is responsible for designating ocean dumping sites according to Section 102 of the 
MPRSA, and such sites may be necessary to construct and maintain the proposed MSCIP, USACE may, 
with the concurrence of EPA, select an alternative ocean disposal site in accordance with MPRSA 103(b), 
when use of an EPA designated site is not feasible.  
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Site designation by EPA does not authorize any dredging project nor does it permit placement of any 
dredged material. Sites are designated in areas where a need for ocean disposal has been indicated, based 
on past dredging demands and/or projected demands associated with new or expanded projects. However, 
site designation does not in and of itself preclude the consideration of other placement options, including 
beneficial use options or the no action alternative. Once designated as an approved ocean disposal site, the 
appropriateness of ocean disposal is determined on a case-by-case basis in accordance with the ocean 
dumping criteria.  

The existing designated maintenance material ODMDS is bounded by: 

28° 24′ 10″ N, 96° 18′ 23″ W; 28° 23′ 33″ N, 96° 17′ 45″ W 
28° 23′ 05″ N, 96° 18′ 15″ W; 28° 23′ 43″ N, 96° 18′ 54″ W 

Water depths range from 30 to 36 ft and the site is located 2 miles offshore from the Matagorda Peninsula 
shoreline (Figure L.1-3), and 1,000 ft southeast of the MSC Entrance Channel centerline. The area of the 
site equals approximately 474 acres. 

1.2.1 ODMDS Designation Purpose and Need 

EPA’s action for which this document was prepared is the designation of a site or sites for the ocean 
placement of new work material to be dredged for the MSC Improvement Project. A Final Environmental 
Impact Statement (FEIS) for the maintenance dredging of the MSC was prepared by USACE (1974). One 
offshore site is currently in use for the existing channel. This site was designated by EPA for the 
continued placement of maintenance dredged material removed from the MSC Entrance Channel (EPA, 
1990). The purpose of EPA’s action is to either designate, based on 40 CFR 228, an ocean disposal site 
for the one-time placement of new work dredged material generated by the MSCIP that will provide 
environmentally acceptable and economically and physically feasible areas or to concur with USACE’s 
selection of an alternative offshore disposal site for the one-time placement of the new work dredged 
material generated by the MSCIP. 

1.2.2 ODMDS Designation Alternatives 

EPA (1990) examined a suite of alternatives to locate the maintenance material ODMDS. These 
alternatives included the no action, non-ocean, and offshore disposal alternatives. The offshore 
alternatives included mid-shelf; continental slope; and nearshore, including the interim designated, 
historically used site. Through the Zone of Feasibility (ZSF) analysis performed by EPA (1989), it was 
concluded only the nearshore alternative was feasible and the most appropriate sites were selected by 
eliminating areas considered to be not feasible. The existing maintenance material ODMDS resulted from 
this selection process and was designated. 
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1.2.2.1 No-Action Alternative 

The No-Action alternative entails that the EPA refrain from designating a new ODMDS for the placement 
of 11.9 mcy of new work dredged material generated by the proposed MSCIP. Without site designation or 
allowance to place material within the nearshore, a much more expensive, and possibly much less safe, 
alternative land-based or open bay placement methods would be required. Use of upland placement areas 
would greatly increase dredging costs because of double handling and the long distances involved in 
transporting dredged material from the offshore Entrance Channel or would require converting in-bay 
open bottom habitat areas to an upland disposal site for receipt of In-Bay and Entrance Channel dredged 
sediments. The economic benefits of the navigation improvements would not be sufficient to justify the 
higher costs, nor would the environmental impacts of converting in-bay open bottom habitats to upland 
placement areas warrant justification. Therefore, in the absence of Federal action to designate a new 
ODMDS, expand the existing ODMDS or permit the one-time nearshore placement of new work dredged 
material in support of the proposed MSCIP, the existing project would continue to be maintained at its 
current dimensions and dredged material would be placed in compliance with the applicable DMMP. 
Material from the Entrance Channel would continue to be placed in the existing ODMDS, and none of the 
material would be used beneficially. Foregoing navigation improvements to the MSC would have the 
following impacts: (1) long-term increases in transportation costs to navigation relative to those that 
would result from project implementation; (2) loss of potential for increased channel usage, since a 
widened and deepened channel would permit two-way traffic and allow for larger vessel classes to transit; 
and (3) failure to improve vessel traffic safety that would result from a widened MSC. Therefore, the No-
Action alternative is not considered viable. 

1.2.2.2 Non-ocean Sites 

Dredged material placement alternatives evaluated in this document consist of upland placement, 
beneficial use, and ocean placement. Alternate dredging methods include the use of dipper dredges, 
ladder dredges, and clamshell dredges. However, through the years, only hopper dredges and cutterhead-
suction pipeline dredges have proved to be both safe and efficient for nearshore and offshore use and 
hopper dredges are preferred for dredging areas offshore. A review of the capabilities of the dredging 
industry’s equipment confirms that the hopper dredge is the most economical and feasible means for 
dredging at sea. The CCND has determined the most economical construction methodology to modify the 
MSC Entrance Channel seaward of the Matagorda Peninsula is to excavate the channel with a hopper 
dredge and dispose the material at an ocean placement site. Additionally, the CCND determined the least 
environmentally intrusive and most economical method to dredge the soft clay reaches within the In-Bay 
Channel is with a clamshell dredge and placing the material with a dump scow at an ocean disposal site. 
Transporting dredged material on a hopper dredge from the Entrance Channel to in-bay and upland 
placement areas rather than to an ocean disposal site would not be economically viable, given the hopper 
dredge would need to travel toward shore an additional 4 to 28 miles. Furthermore, the draft of a fully 
loaded hopper dredge or dump scow would restrict their movements within bay waters. As a result, the 
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hopper dredge or dump scow would only be able to discharge its dredged material through a pump out 
system, which involves mooring and connecting to a discharge pipe for each load of dredged material, 
thus slowing down dredge operations and increasing the cost to construct. The technology for other 
dredge types has not progressed sufficiently to be suitable alternatives to hopper dredging within the MSC 
Entrance Channel. 

The nearest available land placement area is located 24 miles away from the seaward end of the project 
and 3.5 miles from MSC-Port Lavaca channel split. This land placement area does not have sufficient 
capacity to receive offshore channel construction, In-Bay Channel construction, and future maintenance 
material. Therefore, use of this site for offshore or a portion of the in-bay construction material would 
require the acquisition and construction of new placement areas to receive routine maintenance material 
from the in-bay reaches of the MSC. Since the surrounding land areas are wetlands or shallow bay 
habitats, it is not likely that suitably sized replacement areas could be obtained without significant loss of 
quality wetlands or bay bottoms. Additionally, utilizing land placement areas for the entrance or the soft 
clay reaches of the In-Bay Channel’s new work dredged material would extend the period of construction, 
resulting in an increase in total emissions of particulates into the air during the period of project 
construction. Therefore, a land-based disposal alternative would not offer sufficient net environmental 
benefits to replace the disposal of the entrance and In-Bay Channel’s dredged material at an offshore 
placement site. 

After a review of the options, it is concluded that for this project, land-based and in-bay alternatives offer 
no environmental or economical advantages over placement of the MSC Entrance Channel’s new work 
and maintenance dredged material or the MSC In-Bay Channel’s soft clay reaches new work dredged 
material in the ocean. Furthermore, the methodology of hopper dredging in the Entrance Channel and 
clamshell dredging in the soft clay reaches of the In-Bay Channel, coupled with ocean placement of the 
dredged material are considered to be both environmentally and economically viable. All other 
alternatives, including the No-Action alternative, have consequences associated with them.  

1.2.2.3 ODMDS Offshore Sites 

As summarized in the previous paragraph, the mid-shelf and continental slope areas are located 
approximately 30 and 70 miles, respectively, from the entrance of the MSC. Hauling dredged material to 
these deeper offshore sites will extend the project schedule and require additional fuel, manpower, and 
closer surveillance to guard against short dumps. A straightforward analysis of transporting material with 
a hopper dredge a distance from 1 to 10 miles increases the cost of dredging on a per-cubic-yard basis by 
a factor of 2.5. EPA (1983) notes an increase of $0.15/cy/mile of transport distance for disposal at a mid-
shelf site off Tampa Bay, Florida. Since fuel costs have skyrocketed since 1983, this value is very low. 
The value of $0.15/cy/mile, noted above, would be $0.29/cy/mile, if adjusted for inflation (ftp://ftp.bls. 
gov/pub/special.requests/cpi/cpiai.txt). Using a unit value of $0.29/cy/mile, with an expected quantity of 
new work material of 12.0 mcy and an incremental round trip transport distance of 64 miles to a mid-shelf 
site, the increase in the cost of construction would be approximately $223 million above the current 
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construction cost estimate of $233,833,000. This equates to a 95% increase in the cost to construct, and 
hence would make it impossible to economically justify constructing the proposed MSCIP. 

Additionally, deep water sites are more difficult to monitor baseline conditions and post-disposal impacts. 
Whereas grab samplers and SCUBA divers can be used to monitor shallow water sites, more sophisticated 
sampling devices and larger support vessels are necessary to monitor deep-water sites. Working farther 
offshore also carries greater safety risks during both the disposal and monitoring operations. For these 
reasons, the mid-shelf and continental-slope sites were eliminated from further consideration.  

1.2.2.4 ODMDS Nearshore Sites 

Nearshore sites that are suitable for establishment of ODMDSs for the MSC were identified following the 
ZSF analysis performed by EPA (1989). This analysis involved identifying a large area within which the 
ODMDS could be located, based primarily on physical and geographical constraints. Subareas within the 
ZSF were then excluded from ODMDS siting, based on the locations of biologically sensitive areas, 
beaches and recreational areas, cultural and historical areas, and living and nonliving resources. These 
areas were excluded from the ZSF based on the interpretation of 5 general and 11 specific criteria 
described in 40 CFR 228.5 and 228.6(a) of the Ocean Dumping Regulations. The boundaries of the 
Matagorda ZSF were defined by a 10-mile radius from the intersection of the Entrance Channel and the 
beach line. Monitoring and surveillance are feasible within all regions of the Matagorda ZSF, and the ZSF 
does not intersect any political boundaries. The enclosed area is approximately 157 square miles, and all 
areas outside the ZSF were eliminated from further consideration. 

1.2.2.5 ODMDS Size and Location for New Work Dredged Material 

The multiple-disposal fate (MDFATE) model developed by the USACE Engineering, Research and 
Development Center (ERDC), formerly known as the Waterways Experiment Station (WES), was 
employed to assist in determining the dimensions and location of a proposed ODMDS for the MSCIP’s 
new work dredged material. The results of the MDFATE simulations are described in Section 5.0 of this 
report. Based upon these results, it is recommended to either designate an additional Matagorda ODMDS 
for the one-time use to place 12.0 mcy of the MSCIP’s new work dredged material under Section 102 of 
the MPRSA or permit the one-time placement of the new work material consistent with Section 103 (b) of 
the MPRSA. The proposed new work ODMDS would be located adjacent and seaward of the existing 
maintenance material ODMDS, within the non-exclusionary boundaries as originally established by the 
ZSF analysis (Figure L.1-4) originally performed by EPA for the MSC ODMDS Designation (EPA, 1989 
and 1990).  

This proposed ODMDS is bounded by:  

28° 23′ 14″ N, 96° 17′ 25″ W; 28° 22′ 14″ N, 96° 16′ 20″ W 
28° 21′ 17″ N, 96° 17′ 28″ W; 28° 22′ 17″ N, 96° 18′ 32″ W 
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Water depths range from 38 to 44 ft, and the site is located 3.5 miles offshore from the Matagorda 
Peninsula shoreline (Figure L.1-5), and 1,000 ft southeast of the MSC Entrance Channel centerline. The 
area of the site equals approximately 1,600 acres. The depth of closure typically for the Gulf Coast ranges 
from -20 ft to -30 ft (USACE, 1989). Since the water depths of the proposed ODMDS are beyond the 
depth of closure for the shoreward transport of sediments, the dredged material proposed for placement in 
the new work ODMDS is not expected to migrate onshore nor impact the Pass Cavallo inlet located down 
drift of the ODMDS.  
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2.0 PROPOSED USE OF THE SITES 

2.1 NEW WORK MATERIAL ODMDS SITE 

The CCND proposes to improve the existing MSC by widening and deepening the In-Bay Channel to a 
width of 400 ft and a depth of -44 ft MLT and the Entrance Channel to a width of 600 ft and a depth of 
-46 ft MLT. A total of 46.5 mcy of new work material will need to be dredged to modify the MSC, of 
which approximately 12.0 mcy of the new construction dredged material will require transport to and the 
one-time placement within an ODMDS. The remaining quantity new work material will be placed in an 
array of dredge material placement areas located within the Matagorda Bay region.  

2.2 MAINTENANCE MATERIAL ODMDS SITE 

The existing ODMDS will continue to receive maintenance material from the routine maintenance 
dredging of the MSC Entrance Channel. To improve the economic feasibility of modifying the MSC, the 
CCND proposes to reduce the frequency of maintenance dredging from the current average of once every 
2.56 years to once every 4 years. Decreasing the maintenance frequency will increase the quantity of 
maintenance material placed in the existing ODMDS for each dredging cycle from an average of 
765,000 cy to an average of 1,088,000 cy. A numerical simulation was performed to ascertain whether or 
not the dimensions of the existing ODMDS is of sufficient size to receive this larger quantity of 
maintenance dredged material resulting from the proposed change in the routine maintenance dredging 
frequency. The results of the numerical simulation are presented in Section 5.0 of this report. 
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3.0 CHARACTERIZATION OF THE DISPOSAL SITES 

Table L.3-1 provides dredging dates and volumes dredged from the MSC Entrance Channel (stations 
-5+000 to -21+000) from 1970 to 2004 (CCND, 2006). The CCND (2006) reported the average time 
between the beginnings of each dredging operation is approximately 2.56 years (31 months), and the 
average amount of material dredged per routine maintenance cycle is 764,994 cy. This does not mean that 
the Entrance Channel is dredged every 2.56 years, on average, but it does indicate the average frequency 
of use of the maintenance material ODMDS. Based upon the sedimentation study performed for the 
MSCIP, it is estimated that due to the widening and the deepening of the Entrance Channel, the annual 
sedimentation rate will be 272,000 cy/year. The increase in sedimentation rate is due primarily to 
increased channel length to reach project depth. However, due to the increased channel width, the 
accumulation rate within the Entrance Channel is expected to decrease to approximately 0.35 ft/year. As 
reported in Section 2.2, the result of this decrease sediment accumulation rate will be a change in the 
required routine maintenance dredging frequency from an average of once every 2.56 years to once every 
4 years. As such, the expected volume of maintenance material to be placed at the existing ODMDS will 
increase from an average of 764,994 cy to 1,088,000 cy per dredging cycle. 

Table L.3-1  
Matagorda Maintenance Dredging Records for  

Channel Stations -5+000 to -21+000 (CCND, 2006) 

Date 
Maintenance 
Quantity (cy) 

Dredging 
Cycle (yrs) 

Sedimentation Rate 
(cy/yr) 

11-Oct-70 1,135,825 8.03 141,448 
20-Mar-72 484,560 1.44 336,500 
26-Mar-73 547,000 1.02 536,275 
28-Dec-74 1,463,473 1.76 831,519 
21-Jan-76 943,112 1.07 881,413 
11-Dec-77 290,000 1.89 153,439 
2-Aug-79 539,891 1.64 329,202 
28-Aug-80 1,790,548 1.07 1,673,409 
1-Jan-84 908,933 3.41 266,549 
30-Jan-89 498,040 5.01 99,409 
11-Aug-93 664,190 4.53 146,620 
23-Sep-96 488,383 3.12 156,533 
16-Jul-99 590,740 2.81 210,228 
13-Jan-04 365,226 4.50 175,589 
Average 764,994 2.56 259,403 
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3.1 MAINTENANCE MATERIAL ODMDS SITE CHARACTERISTICS 

Sediment and water quality in and near the existing designated ODMDS are within EPA standards (EPA, 
1990). Grain size analysis of the interim ODMDS prior to the designation of the permanent site shows the 
dredged material closely matches that of the existing ODMDS. Entrance Channel maintenance sediments 
average over 90% sand in the western portion of the channel. However, the sediments near and offshore 
of the former interim site are comprised of sand plus silt and sand plus clay fractions, respectively. 
Therefore EPA (1990) concluded that sediments dredged from the Entrance Channel have, over time, 
altered the natural sediment composition at the existing ODMDS. 

3.2 NEW WORK MATERIAL PROPOSED ODMDS SITE 
CHARACTERISTICS 

The proposed ODMDS for the new work material is proposed to be located immediately offshore of the 
existing ODMDS, and generally consists of sand plus clay fractions as its natural bottom sediment 
characteristic (EPA, 1990). Figure L.3-1 displays the bottom sediment characteristics within the offshore 
area of the MSC. 
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4.0 CHARACTERIZATION OF THE MATERIAL EXPECTED TO 
BE DREDGED 

4.1 NEW WORK MATERIAL 

Data collected by the USACE, shown in Table 3.9.4 of the DEIS for the Proposed Matagorda Ship 
Channel (USACE, 2006a), were used as the basis to determine the sediment quality of the new work 
dredged material targeted to be placed in the proposed ODMDS. Sediment, water, and elutriate data for 
the MSCIP area dating back to 1987 are provided in Appendix D of the MSCIP DEIS (USACE, 2006a). 
There are six navigation channel reaches within the MSCIP’s footprint that have been identified as areas 
in which the new work dredged material will be transported and placed in the proposed ODMDS. There 
are five In-Bay Channel reaches labeled as Reaches 7, 9, 10, 11, and 12, and there is one Entrance 
Channel reach labeled as Reach 14 that will generate new work dredged material to be placed in the 
proposed ODMDS. The reaches and corresponding stations are shown in Table L.4-1.  

Table L.4-1  
MSC Reaches and Stations of New Work Dredged Material  

Scheduled for Placement in the Proposed ODMDS 

MSC Reach 
MSC 

Channel 
Begin 
Station 

End 
Station 

7 In-Bay 76+000 71+000 
9 In-Bay 67+000 54+000 
10 In-Bay 54+000 46+000 
11 In-Bay 46+000 40+000 
12 In-Bay 40+000 6+000 
14 Entrance -5+000 -23+000 

The geotechnical characteristics of the new work material within the footprint of the MSCIP was derived 
by reviewing boring logs for the original MSC project (USACE, 1962). The new work sediments 
contained within the MSC In-Bay Channel reaches which have been identified for placement within the 
proposed ODMDS generally consist of soft clay material. The MSC Entrance Channel reach (Reach 14) 
generally consists of a mixture of sand, silt, and clay for the new work material.  

Sediment, water, and elutriate data are available for each reach extending back to 1987, with the water 
and elutriate data being compared against the Texas Surface Water Quality Standards (TWQS) and EPA’s 
water quality discrete criteria (WQC), and with the sediment data being compared against the Effects 
Range Low (ERL) values from the National Oceanic and Atmospheric Administration (NOAA) 1999 
Screening Quick Reference Tables (Buchman, 1999). However, EPA does not consider data more than 
five years old to be relevant for determining if there is cause for concern, only samples collected since 
2001 were assessed for discussion. 
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4.1.1 Reach 7 (In-Bay Channel – Stations 76+000 to 71+000) 
Characterization 

The grain size analysis of the MSC 1962 boring logs (USACE, 1962) and the M-PC-03 sediment samples 
collected in April 2003 and MPC-06 sediment samples collected in February 2006 reveal the material 
within Reach 7 predominantly consists of clay. For Reach 7, samples collected since 2001 did not exceed 
WQC, TWQS, and ERL values. A total of 1.7 mcy of new work dredged material consisting of clay from 
Reach 7 is planned to be placed in the proposed ODMDS. 

4.1.2 Reach 9 (In-Bay Channel – Stations 67+000 to 54+000) 
Characterization 

As with Reach 7, the grain size analysis of the MSC 1962 boring logs (USACE, 1962) and the M-PC-03 
sediment samples collected in April 2003 and of the MPC-06 sediment samples collected in February 
2006 within Reach 9, reveal the material within this reach predominantly consists of clay. For Reach 9, 
samples collected since 2001 did not exceed WQC, TWQS, and ERL values. A total of 2.8 mcy of new 
work dredged material consisting of clay from Reach 9 is planned to be placed in the proposed ODMDS. 

4.1.3 Reach 10 (In-Bay Channel – Stations 54+000 to 46+000) 
Characterization 

The grain size analysis of the MSC 1962 boring logs (USACE, 1962) and the M-PC-03 sediment samples 
collected in April 2003 reveal the material within this reach predominantly consists of clay and silt. For 
Reach 10, samples collected since 2001 did not exceed WQC, TWQS, and ERL values. A total of 0.9 
mcy of new work dredged material consisting of clay from Reach 10 is planned to be placed in the 
proposed ODMDS. 

4.1.4 Reach 11 (In-Bay Channel – Stations 46+000 to 40+000) 
Characterization 

The grain size analysis of the MSC 1962 boring logs (USACE, 1962) and the M-PC-03 samples collected 
within Reach 11 in April 2003, reveal the material within this reach predominantly consists of a mixture 
of sand, silts, and clay. For Reach 11, samples collected since 2001 did not exceed WQC, TWQS, and 
ERL values. A total of approximately 0.2 mcy of new work dredged material consisting of clay from 
Reach 11 is planned to be placed in the proposed ODMDS. 

4.1.5 Reach 12 (In-Bay Channel – Stations 40+000 to 6+000) 
Characterization 

The grain size analysis of the MSC 1962 boring logs (USACE, 1962) and the M-PC-03 sediment samples 
collected within Reach 12 in April 2003, reveal the material within this reach consists of sand, silt and 
clay mixture. For Reach 12, samples collected since 2001 did not exceed WQC, TWQS, and ERL values. 
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A total of 3.2 mcy of new work dredged material consisting of clay from Reach 12 is planned to be placed 
in the proposed ODMDS. 

4.1.6 Reach 14 (Entrance Channel – Stations -5+000 to -23+000) 
Characterization 

The grain size analysis of the MSC 1962 boring logs (USACE, 1962) and the MEC-01 sediment samples 
collected in May 2001 and the MEC-06 sediment samples collected in November 2005 revealed the 
material within this reach is made up predominantly of medium-sized sand, and the maintenance material 
has typically been a mixture of silt, clay, and sand. Elutriate test results for mercury exceeded the WQC 
and the TWQS threshold for elutriate samples MEC-06-01, MEC-06-02, and MEC-06-03. Additionally, 
even though the mercury in the water samples were below the WQC and the TWQS, it was relatively high 
compared to concentrations found in the nearshore Gulf water (USACE historic database). However, 
mercury was not detected in the sediment samples that were used in the elutriate preparation prior to 
2005. The samples collected in 2005 were the only time mercury has been detected in either water or 
elutriate samples. Bioassays were conducted and survival in 3 of 9 Suspended Particulate Phase (SPP) 
bioassays with these samples was significantly less than survival in the Dilution-Water Control (USACE, 
2006a). However, survival in no test was less than 82%, and the LC50 could be calculated. Therefore, the 
Limiting Permissible Concentration (LPC) for water column toxicity/SPP was met and the material is 
acceptable under the Ocean Dumping Regulations pertaining to water column impacts.  

For sediments, the only ERL value exceeded occurred within Reach 14 over the past five years was for 
arsenic from sediment sample MEC-01-02 collected in May 2001. However, the concentration for arsenic 
only slightly exceeded (8.42 mg/kg) the ERL value of 8.20 mg/kg. Solid Phase (SP or whole mud) 
bioassays were conducted on the sediments collected in May 2001 with the burrowing amphipod, 
Ampelisca abdita, and the epifaunal shrimp, Americamysis bahia. There were no tests in which survival in 
the Reference Control was greater than survival in the treatments and the difference exceeded 10% (20% 
for amphipods), requiring statistical analysis (USACE, 2006a). Therefore, the survival data from the SP 
bioassay indicated no potential for environmentally unacceptable toxic impacts to benthic organisms from 
the unconfined open water placement of sediments from the MSC Entrance Channel. Bioaccumulation 
studies were conducted on the sediments using bentnose clam, Macoma nasuta, and the sand worm, 
Nereis virens. No organic chemicals were found above detection limits in test organism tissues. The 
concentrations of none of the metals in tissues of N. virens or M. nasuta exposed to test sediments were 
significantly higher than the respective concentrations in Reference Control organisms. Therefore, there is 
no indication of bioaccumulation from exposure to these sediments, all LPCs pertaining to sediments are 
met, and the material is acceptable under the Ocean Dumping Regulations. 

A total of 3.2 mcy of new work dredged material consisting of sand, silt and clay from Reach 14 is 
planned to be placed in the proposed ODMDS. 
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5.0 MODELING OF DREDGED MATERIAL DISTRIBUTION 

The disposition of dredged material was simulated using an updated version (USACE/EPA, 1991) of the 
Dredged Material Fate (DMF) model, developed for the USACE through the Dredged Material Research 
Program by Tetra Tech., Inc. (Brandsma and Divoky, 1976). The modifications to this model (known as 
MDFATE) were made under the supervision of Dr. Billy H. Johnson of the Waterways Experiment 
Station of the USACE. The purpose of the modeling was to determine the necessary size of any new 
ODMDSs and to determine if the existing ODMDS is of sufficient size to contain the future maintenance 
dredged material from the MSC Entrance Channel following improvement. 

The MDFATE model simulates the initial behavior and final disposition of dredge material deposited 
“instantaneously” at the site of interest through the doors of a hopper dredge or the through the split hull 
opening of a dump scow. The MDFATE model assumes that this procedure may be broken into three 
phases: (1) convective descent, during which the discharge cloud falls under the influence of gravity; (2) 
dynamic collapse, occurring when the descending cloud impacts the bottom or arrives at a level of neutral 
buoyancy at which point the descent is retarded and horizontal spreading dominates; and (3) long-term 
passive dispersion, commencing when the material transport and spreading are determined more by 
ambient currents and turbulence than by the dynamics of the disposal operation (Johnson and Holliday, 
1978). The model also includes the settling of suspended solids. 

The output from the MDFATE model simulates a subaqueous mound configuration on the ocean floor 
following the cumulative disposal of the entire volume of dredged material at predetermined grid points. 
Inputs required to perform the simulation include the dredged sediment characteristics, physical and 
environmental characteristics of the disposal site, dredge and disposal equipment characteristics, and 
disposal operations characteristics. 

5.1 NEW WORK DREDGED MATERIAL 

The percentage of the various soil particle types anticipated in the new work sediments to be dredged was 
estimated by using the grain size analysis results from sediment samples collected in April 2003 from 
Reaches 10 through 12 (In-Bay Channel) and in May 2001 and November 2005 from Reach 14 (Entrance 
Channel). 

For the In-Bay Channel reaches, the following assumptions were made with respect to simulating the 
placement of new work dredged material within the proposed ODMDS: (1) the new work In-Bay Channel 
dredged material predominantly consists of cohesive clay; (2) the material would be excavated with a 
clamshell dredge; (3) the dredged material would be transported and placed by a 4,000 cy split hull dump 
scow; and (4) the speed during release of the dredge material would be 3.3 ft/s.  

For the Entrance Channel reach, the following assumptions were made with respect to simulating the 
placement of the new work dredged material within the proposed ODMDS: (1) the new work Entrance 
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Channel dredged material consists of sediments made up with predominantly medium-sized sand; (2) 
would be dredged, transported and placed with a 3,600-cy hopper dredge; and (3) the speed during release 
of the dredged material would be 6.7 ft/s.  

The evolution of the disposal mound was simulated by sequencing in three segments the placement the 
new work dredged material at the proposed ODMDS. The first segment entailed the placement of 3.2 mcy 
of the Entrance Channel sediments at the proposed ODMDS. The second and third segments entailed 
placing 4.3 and 4.5 mcy, respectively, of the In-Bay Channel dredged sediments at the proposed ODMDS. 
The simulations resulted in a cumulative mound configuration for the new work material that was slightly 
skewed in the current and vessel-heading directions and that formed rounded diamond-shapes, slightly 
elongated in the down-current and vessel-travel directions, although this is difficult to see at the scale on 
the figures in Attachment A. At its thickest, the mound elevation of the new work material in the 
proposed ODMDS would be 2 ft, and the relief along the inner edges of the placement area does not 
change following the simulations. Therefore, an examination of Attachment A reveals the dimensions 
(8,350 ft on each side at a depths ranging from 38 to 44 ft) of the proposed ODMDS is sufficient to 
contain the new work material from the MSCIP, without excessive mounding. 

5.2 MAINTENANCE MATERIAL 

It is planned to modify the maintenance dredging cycle for the Entrance Channel to once every four years 
following construction of the MSCIP. As a result, approximately 1.088 mcy of future maintenance 
dredged material would be placed at the existing maintenance ODMDS per dredging cycle. EPA (1989, 
1990) concluded the existing maintenance ODMDS could receive 795,000 cy of maintenance dredged 
material per year. In order to determine whether or not the existing maintenance dredging site would have 
the capacity to receive a total of 1.088 mcy of future maintenance material per dredging cycle, the 
MDFATE model was used to simulate the mound configuration for the larger maintenance material 
volume. For the simulation, the dredged material was assumed: (1) to predominantly consist of sand, 
equivalent to 63.3% sand, 20.4% silt, and 16.3% clay; (2) would be dredged, transported, and placed with 
a 3,000-cy hopper dredge; and (3) the speed during release of the maintenance dredged material would be 
3.3 ft/s.  

Attachment B shows the results of the MDFATE simulation for the larger maintenance material volume. 
At its thickest, the mound elevation of the maintenance material in the existing maintenance ODMDS 
would be 5 ft, and the disposal mound would not protrude outside the site boundaries as designated by 
EPA. Therefore, an examination of Attachment B reveals the size of the existing maintenance ODMDS is 
sufficient to contain 1.088 mcy of future maintenance dredged material from the Entrance Channel per 
maintenance dredging cycle without excessive mounding, and thus the dimensions of the existing 
maintenance ODMDS does not need to be modified.  
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6.0 REGULATORY CHARACTERIZATION OF ENVIRONMENTAL 
CONSEQUENCES 

As required by the Ocean Dumping Regulations (40 CFR 220-229) promulgated to interpret the MPRSA, 
the proposed new work material ODMDS for one-time use will be examined relative to the five general 
criteria and the eleven specific factors (40 CFR 228.5 and 40 CFR 228.6(a), respectively). Since the 
maintenance material to be dredged from the proposed widening and deepening of the Entrance Channel 
should be the same as the existing maintenance material, except for volume, the existing routine 
maintenance material ODMDS will be examined only to determine if it is of sufficient size to receive a 
greater quantity of material per dredging cycle, and will not be included in the analysis presented in 
Sections 6.1 and 6.2, unless specifically stated. This information will be included in the examination 
relative to the 5 general criteria and the 11 specific factors, where pertinent. In the following section, the 
criteria and factors are presented in italics, followed by the statement indicating compliance. 

6.1 FIVE GENERAL CRITERIA 

6.1.1 40 CFR 228.5(a) 

The dumping of materials into the ocean will be permitted only at sites or in areas selected to minimize 
the interference of disposal activities with other activities in the marine environment, particularly 
avoiding areas of existing fisheries or shellfisheries, and regions of heavy commercial or recreational 
navigation. 

The preferred ODMDS, like the other nonexcluded areas, was selected, including appropriate buffer 
zones, to avoid sport and commercial fishing activities, as well as other areas of biological sensitivity. 
The excluded areas include the jetties, Pass Cavallo, and several lighted oil platforms. The buffer zones 
were sized by EPA (1989) on the basis of the physical movement of the maintenance material. Since 
maintenance material, because of the higher percentage of fines, is transported farther than new work 
material, those buffer zones should be conservative for the new work ODMDS. The preferred ODMDS is 
outside the Channel, avoids all known navigation obstructions, and is located a greater distance away than 
the existing ODMDS from the buffer zones established by EPA (1989).  

6.1.2 40 CFR 228.5(b) 

Locations and boundaries of disposal sites will be so chosen that temporary perturbations in water 
quality or other environmental conditions during initial mixing caused by disposal operations anywhere 
within the site can be expected to be reduced to normal ambient seawater levels or to undetectable 
contaminant concentrations or effects before reaching any beach, shoreline, marine sanctuary, or known 
geographically limited fishery or shellfishery. 
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Testing has been conducted on existing maintenance material for years and that data was examined. There 
is no evidence that either the new work or maintenance material would not meet the criteria of 40 CFR 
227. The appropriate sizes for the buffer zones and for the preferred ODMDS is based on sediment 
transport modeling and the physical oceanographic characterization of the MSC area. These, combined 
with the information on the expected quality of the material to be dredged ensure that perturbations 
caused by placement would be reduced to ambient conditions at the boundaries of the site. 

6.1.3 40 CFR 228.5(c) 

If, at any time during or after disposal site evaluation studies, it is determined that existing disposal sites 
presently approved on an interim basis for ocean dumping do not meet the criteria for site selection set 
forth in 228.5–228.6, the use of such sites will be terminated as soon as suitable alternative disposal sites 
can be designated. 

This criterion does not apply to the preferred sites because they are not existing sites approved on an 
interim basis. However, extensive monitoring programs including bathymetric scans; water, sediment and 
elutriate chemistry; and benthic infaunal analyses during construction should provide warning of potential 
problems. Extensive monitoring programs, including water, sediment, and elutriate chemistry; bioassays; 
and bioaccumulation studies are routinely conducted under the Regional Implementation Agreement 
(RIA) among the EPA, Region 6, and the USACE, Galveston and New Orleans Districts (EPA/USACE, 
2003) on all maintenance material. The results of that monitoring, plus studies conducted prior to 
designation of the existing ODMDSs (EPA, 1990), indicated no problems at the existing ODMDSs in the 
past. There is no reason to expect problems with future maintenance material from the MSC Improvement 
Project. However, the alternatives analysis performed by EPA (1990) indicates that, should the preferred 
ODMDS be found in the future to be not suitable and de-designation of the preferred ODMDS proves 
desirable, other areas are available and suitable for use as an ODMDS. Monitoring will also be conducted 
on the new work ODMDS in accordance with Section 7 of this report and the Site Monitoring and 
Management Plan. 

6.1.4 40 CFR 228.5(d) 

The sizes of ocean disposal sites will be limited order to localize for identification and control any 
immediate adverse impacts and to permit the implementation of effective monitoring and surveillance 
programs to prevent adverse long-range impacts. The size, configuration, and location of any disposal 
site will be determined as a part of the disposal site evaluation or designation study. 

The sizes of the sites are as small as possible to reasonably meet the criteria stated in 40 CFR 228.5 and 
228.6(a). The determined size of proposed new work ODMDS for one-time use is 1,600 acres. The 
monitoring program should provide adequate surveillance to prevent adverse long-range impacts. 
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6.1.5 40 CFR 228.5(e) 

EPA will, wherever feasible, designate ocean dumping sites beyond the edge of the continental shelf and 
other such sites that have been historically used. 

Cost, safety, and time factors plus difficulties with monitoring and surveillance dictate that the distance to 
the edge of the continental shelf off MSC precludes the use of any ODMDS off the shelf. Additionally, 
the lack of resilience of the deep-ocean benthic community (EPA 1990) indicates that an off-shelf 
placement site would cause severe impacts to the off-shelf benthic community. No environmental 
advantage to an off-shelf site was noted whereas impacts to the human environment were less with a 
nearshore site for safety reasons. The existing maintenance material ODMDS has been used since it was 
formally designated in 1990.  

6.2 ELEVEN SPECIFIC FACTORS 

40 CFR 228.6(a) states that the factors included below as Sections 6.2.1 through 6.2.11 will be considered 
in the selection process for site designation. 

6.2.1 40 CFR 228.6(a)(1) 

Geographical position, depth of water, bottom topography, and distance from coast. 

The preferred ODMDS is bounded by the following coordinates (NAD 83, see Figure L.1-5): 

28° 23′ 14″ N, 96° 17′ 25″ W; 28° 22′ 14″ N, 96° 16′ 20″ W 
28° 21′ 17″ N, 96° 17′ 28″ W; 28° 22′ 17″ N, 96° 18′ 32″ W 

The water depth at the preferred site ranges from 38 to 44 ft, the bottom topography is flat, and is 
approximately 3.5 miles from the coast at its closest point. 

6.2.2 40 CFR 228.6(a)(2) 

Location in relation to breeding, spawning, nursery, feeding or passage areas of living resources in adult 
or juvenile phases. 

The pass between the jetties and Pass Cavallo, including a buffer zone of one mile, are excluded areas of 
biological sensitivity. Also excluded are lighted platforms and nonsubmerged shipwrecks, which improve 
fishing. 

6.2.3 40 CFR 228.6(a)(3) 

Location in relation to beaches or other amenity areas. 
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The preferred site is located approximately 3.5 miles from beaches and other amenity areas such as the 
Matagorda Island National Seashore.  

6.2.4 40 CFR 228.6(a)(4) 

Types and quantities of wastes proposed to be disposed of and proposed methods of release, including 
methods of packaging the waste, if any. 

Only new work dredged material from the MSC will disposed. It is estimated a total of 12.0 mcy of new 
work material will be deposited within the preferred site over a period of approximately two years. It is 
expected that 3.2 mcy of the new work material dredged from the MSC Entrance Channel and will be 
transported by hopper dredges. The remaining 8.8 mcy of new work material dredged from the MSC In-
Bay Channel and will be transported by dump scows. The material from the In-Bay Channel will consist 
of soft clay, and the material from the Entrance Channel will contain mostly medium-sized sand. Based 
on chemical analyses and biological toxicity studies of past maintenance material, which should be more 
degraded than the underlying new work material, it was concluded for the new work material no special 
location or precautions would be necessary for the placement of the materials to be dredged.  

6.2.5 40 CFR 228.6(a)(5) 

Feasibility of surveillance and monitoring. 

The preferred site is amenable to surveillance and monitoring. The proposed monitoring and surveillance 
program consists of: (1) a method for recording the location of each discharge; (2) bathymetric surveys; 
and (3) grain-size analysis, sediment chemistry characterization, and benthic infaunal analysis at selected 
stations. 

6.2.6 40 CFR 228.6(a)(6) 

Dispersal, horizontal transport, and vertical mixing characteristics of the area, including prevailing 
current velocity, if any. 

These physical oceanographic parameters were used to develop the necessary buffer zones for the 
exclusion analysis (EPA, 1989, 1990) and to determine if the size of the preferred sites was adequate 
(Section 5.0). Predominant longshore currents, and thus predominant longshore transport, are to the 
southwest. Long-term mounding has not historically occurred in the existing ODMDSs. Therefore, steady 
longshore transport and occasional storms, including hurricanes, remove the placed material from the 
sites. Long-term accumulation has not been noted at construction material placement areas near Sabine 
Pass, the Galveston Ship Channel, or Freeport, and is not expected at Matagorda. 
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6.2.7 40 CFR 228.6(a)(7) 

Existence and effects of current and previous discharges and dumping in the area (including cumulative 
effects). 

The discussion of the results of chemical and bioassay testing of samples from the existing maintenance 
material ODMDS and its surroundings concluded that there were no indications of water or sediment 
quality problems within the existing ODMDS (EPA, 1990). Testing of past maintenance material 
indicates that it was acceptable for ocean placement under 40 CFR 227. Based on current direction and 
modeling of the new work material, the preferred site was situated to prevent discharged material from re-
entering the Channel and to ensure that any mounding poses no obstruction to navigation. No excessive 
mounding has been detected at the existing maintenance material ODMDS, and there is no reason to 
expect any excessive mounding at the proposed new work material ODMDS. 

6.2.8 40 CFR 228.6(a)(8) 

Interference with shipping, fishing, recreation, mineral extraction, desalination, fish and shellfish culture, 
areas of special scientific importance and other legitimate uses of the ocean. 

The items from the above list which are pertinent to the present situation are: shipping, mineral extraction, 
commercial and recreational fishing, recreational areas, and historic sites. The preferred site will not 
interfere with these or other legitimate uses of the ocean because the exclusion process in EPA (1989, 
1990) was designed to prevent the selection of sites that would interfere. The proposed new work 
ODMDS is located in the nonexcluded area of the ZSF as established by EPA (1989, 1990). Placement 
operations in the past have not interfered with other uses. 

6.2.9 40 CFR 228.6(a)(9) 

Existing water quality and ecology of the site as determined by available data or by trend assessment or 
baseline surveys. 

Monitoring studies (EPA, 1989) have shown only short-term water-column perturbations of turbidity, and 
perhaps COD, which resulted from disposal operations. No short-term sediment quality perturbation, 
except grain size, could be directly related to disposal operations. In general, the water and sediment 
quality is good throughout the ZSF, including the existing maintenance material ODMDS. This indicates 
there have been no long-term impacts on water and sediment quality. However, EPA (1990) noted there 
appear to be long-term impacts on the grain size, and thus on the benthos at the existing maintenance 
ODMDS. However, since the proposed new work material ODMDS is planned to be designated for the 
one-time use to receive new work dredged material from the MSCIP, any benthos impacts within the 
proposed new work ODMDS should be temporary as the mound disperses over time. 
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6.2.10 40 CFR 228.6(a)(10) 

Potentiality for the development or recruitment of nuisance species in the disposal site. 

With a disturbance to any benthic community, initial recolonization will be by opportunistic species. 
However, these species are not nuisance species in the sense that they would interfere with other 
legitimate uses of the ocean, that they are human pathogens, or that they are nonindigenous, nuisance 
species. The placement of maintenance material in the past has not attracted or promoted, and the 
placement of the new work material and future maintenance material should not attract or promote the 
development or recruitment of nuisance species. 

6.2.11 40 CFR 228.6(a)(11) 

Existence of or in close proximity to the site of significant natural or cultural features of historical 
importance. 

The nearest site of historical importance is northeast of the channel, or up current of the preferred site. 
The preferred site is roughly one mile from the cluster of historic sites to the west. Therefore, one-time 
use of the preferred alternative would not impact sites of historical importance. 
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7.0 SITE MONITORING AND MANAGEMENT 

One of the ODMDS management responsibilities cited in 40 CFR 228.3 is “developing and maintaining 
effective ambient monitoring programs,” although this is tempered somewhat by 40 CFR 228.9 (a) that 
states, “The monitoring program, if deemed necessary by the Regional Administrator or the District 
Engineer, as appropriate, may include baseline or trend surveys…” Since 40 CFR 229 (c) states that 
“EPA will require full participation of permittees … in the development and implementation of disposal 
monitoring programs,” a monitoring program and a Site Monitoring and Management Plan (SMMP) are 
included in this EIS. 

There are two approaches which may be applied to determining unfavorable trends. One is to conduct 
monitoring surveys on the ecosystem at and near the ODMDSs at regular intervals. The other approach is 
to determine the quality of the material to be discharged at the site, from a chemical and biological 
perspective, and thereby, to determine the impacts. The testing requirements specified in 40 CFR 227.13, 
as applied by the USACE, Galveston District, satisfy both of the above mentioned approaches. 

7.1 NEW WORK MATERIAL 

While the literature on maintenance material disposal on the Gulf Coast indicates only minor short-term 
and negligible long-term mounding from placement activities, little information is available for new work 
material ODMDSs. Mounding from the new work dredged material, while acceptable, is higher and of 
firmer material than is true for maintenance material. Additionally, new work placement is expected to 
last for only a period of two years or less and more frequent monitoring would be expected than would be 
necessary for the periodic, but short-term placement which occurs with maintenance dredging. Finally, 
there is a no-impact history for the discharge of maintenance material, but not for the new work dredged 
material since there has not been periodic testing of the latter. Therefore, the following monitoring and 
surveillance program is proposed for the MSCIP new work material ODMDS during construction, and is 
restated in a separate SMMP provided in Attachment C. The monitoring is discussed in detail below. 

A major consideration in the acceptability of the size of the proposed ODMDS was the 
location of the dredge when each discharge occurs. To prevent excessive mounding, it is 
necessary that a method be utilized to record the location of each discharge to ensure the 
dredge platform places the material as evenly as possible over the ODMDS while 
avoiding approaching too closely the edges of the ODMDS. The scheme used in the 
MDFATE simulation to avoided excessive mounding and dispersal of material outside 
the ODMDS entailed discharging the dredged material at each of the interior placement 
points in a given sequence until each point had been utilized. The disposal simulation 
repeated the sequence with one discharge at each placement point until construction was 
complete. Disposal sequencing during actual construction should follow closely to the 
simulated sequencing to ensure the final mound configuration does not protrude beyond 
the established vertical and horizontal boundaries of the ODMDS. 
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Routine bathymetric scans should be conducted for the ODMDS to determine that there is not 
excessive mounding; e.g., mound heights greater than 5.0 ft above the existing bottom 
depth (unless an alternate height is determined in agreement between the EPA and 
USACE on a case-by-case basis), and that there is no short-term transport of material 
beyond the limits of the ODMDS. Studies have shown that benthic organisms can burrow 
through 6 to 9 inches of dredged material without significant impact on the community 
(EPA/USACE, 1996). Therefore, a build up of 1.0 ft of sedimentation along the ODMDS 
boundary will be considered the threshold level for movement of material outside of the 
designated ODMDS. A Notice to Mariners will be posted relative to any excessive 
mounding that does occur. 

Monitoring stations, including a control station, stations located immediately outside the 
ODMDS, and stations located some distance down-current from the site should be 
sampled for items noted in the following paragraph, to determine if impacts are occurring 
outside of the ODMDS. 

These stations should be sampled periodically during construction and for one year after the cessation of 
the discharge of new work dredged material at the site. Frequency of monitoring will be decided by the 
EPA, in cooperation with the USACE, prior to construction. Samples should be collected for: (1) grain-
size analysis; (2) chemical characterization of sediments; and (3) macrobenthic invertebrates (in 
triplicate).  

7.2 MAINTENANCE MATERIAL 

Although expansion of the existing maintenance ODMDS does not appear warranted given the outcome 
of the MDFATE simulations as described in Section 5.2, it is prudent to reiterate the need to continue 
with the monitoring of the disposal mound to allow for evaluation of impacts as larger quantities of 
material are placed during each routine maintenance dredging cycle. The evaluations will be used for 
making decisions that will prevent unacceptable adverse effects beyond the site boundary and will ensure 
regulatory compliance over the life of the existing maintenance ODMDS. Emphasis will be placed on 
determining physical impacts, since, to date, dredged material from the MSC has been determined to be 
acceptable for ocean placement, without special conditions. 



 

441652/060315 L-45 

8.0 REFERENCES CITED 

Brandsma, M.G., and D.J. Divoky. 1976. Development of models for prediction of short-term fate of 
dredged natural discharge in the estuarine environment. U.S. Army Engineer Waterways 
Experiment Station. Contract Report D-76-5. 

Buchman, Michael. 1999. National Oceanic and Atmospheric Administration (NOAA) Screening Quick 
Reference Tables. HAZMAT Report 99-1. 

Calhoun County Navigation District (CCND). 2006. Sedimentation Study, Matagorda Ship Channel 
Improvement Project, Point Comfort Texas. Moffatt & Nichol Engineers Project Report No. 5669. 

DOI/MMS. See U.S. Department of Interior. 

EPA. See U.S. Environmental Protection Agency 

Johnson, B.H., and B.W. Holliday. 1978. Evaluation and calibration of the Tetra Tech dredged material 
disposal models based on field data. Dredged Material Research Program Technical Report D-78-
47, U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi. 

Pequegnat, W.E., L.H. Pequegnat, B.M. James, E.A. Kennedy, R.E. Fay, and A.D. Fredericks. 1981. 
Procedural guide for designation surveys of ocean dredged material disposal sites. Technical 
Report EL-81-1, Contract No. DACW 39-78-C-0097. Final Report prepared by the U.S. Army 
Chief of Engineers, Washington, D.C. 

USACE. See U.S. Army Corps of Engineers. 

U.S. Army Corps of Engineers (USACE). 1962. Design memorandum No. 3. U.S. Army Engineer 
District, Galveston, Texas. 

———. 1974. Maintenance Dredging, Matagorda Ship Channel, Texas. Final Environmental Statement, 
U.S. Army Engineer District, Galveston, Texas. 

———. 1989. Physical Monitoring of Nearshore Sand Berms. Coastal Engineering Technical Note, 
CETN-II-20, 9/89. U.S. Army Engineer Waterways Experiment Station, Coastal Engineering 
Research Center, Vicksburg, Mississippi.  

———. 2006a. Draft Environmental Impact Statement for the Proposed Matagorda Ship Channel 
Improvement Project. 

———. 2006b. Matagorda Ship Channel, Texas: Jetty Stability Study. ERDC/CHL TR-06-7. U.S. Army 
Corps of Engineers Engineer, Engineer Research and Development Center, Vicksburg, Mississippi. 

U.S. Department of Interior. 1983. Final Regional Environmental Impact Statement of the Gulf of 
Mexico, Vol. 1, 2 and visuals packet. Prepared by the Minerals Management Service, Gulf of 
Mexico OCS Region, Metairie, Louisiana. 



 

441652/060315 L-46 

U.S. Environmental Protection Agency (EPA). 1983. Final Environmental Impact Statement (EIS) for 
Tampa Harbor, Florida Ocean Dredged Material Disposal Site Designation. U.S. EPA Criteria and 
Standards Division, Washington, D.C. 

———. 1989. Draft Environmental Impact Statement, Matagorda Ship Channel Ocean Dredged Material 
Disposal Site Designation. EPA 906/07-89-008. U.S. EPA, Region VI, Dallas, Texas. 

———. 1990. Final Environmental Impact Statement, Matagorda Ship Channel Ocean Dredged Material 
Disposal Site Designation. EPA 906/07-90-007. U.S. EPA, Region VI, Dallas, Texas. 

U.S. Environmental Protection Agency/U.S. Army Corps of Engineers. 1996. Guidance document for 
development of site management plans for ocean dredged material disposal sites. Office of Water 
(4504F), Environmental Protection Agency, Washington, D.C.  

———. 2003. Regional Implementation Agreement for Testing and Reporting Requirements for Ocean 
Disposal of Dredged Material Off the Louisiana and Texas Coasts Under Section 103 of the Marine 
Protection, Research and Sanctuaries Act, July 2003. U.S. Environmental Protection Agency, 
Region 6, Dallas, Texas and U.S. Army Corps of Engineers, Galveston District and New Orleans 
District, Galveston, Texas and New Orleans, Louisiana.  



 

 

Attachment A 
 

MDFATE Modeling Results 
New Work Dredged Material Disposal 



1st Placement of New Work Material – 3.2 mcy
(From MSC Reach 14)

PROPOSED NEW WORK MATERIAL ODMDS



2nd Placement of New Work Material – 4.3 mcy
(From MSC Reaches 10, 11, and 12)

1st + 2nd Placements = 7.5 mcy

PROPOSED NEW WORK MATERIAL ODMDS



3rd Placement of New Work Material – 4.5 mcy
(From MSC Reaches 7 & 9)
1st + 2nd+3rd Placements = 12.0 mcy

PROPOSED NEW WORK MATERIAL ODMDS



 

 

Attachment B 
 

MDFATE Modeling Results 
Maintenance Dredged Material Disposal 



Maintenance Material – 1.088 mcy
(Disposal Frequency = Once Every Four Years)

EXISTING MAINTENANCE MATERIAL ODMDS
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Site Monitoring and Management Plan 
New Work ODMDS 
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ATTACHMENT C 
SITE MANAGEMENT PLAN 

MATAGORDA SHIP CHANNEL IMPROVEMENT PROJECT 
CALHOUN COUNTY, TEXAS 

OCEAN DREDGED MATERIAL DISPOSAL SITE 

I. General 

The Marine Protection, Research and Sanctuaries Act (MPRSA) of 1972 (33 U.S.C. Section 
1401, et seq.) is the legislative authority regulating the disposal of dredged material into ocean waters, 
including the territorial sea. The transportation of dredged material for the purpose of placement into 
ocean waters is permitted by the U.S. Army Corps of Engineers (USACE) or, in the case of Federal 
projects, authorized for disposal under MPRSA Section 103(e), applying environmental criteria 
established by the U.S. Environmental Protection Agency (USEPA) in the Ocean Dumping Regulations 
(40 CFR Parts 220-229). 

Section 102(c) of the MPRSA and 40 CFR 228.4(e)(l) authorize the USEPA to designate ocean 
dredged material disposal sites (ODMDS) in accordance with requirements at 40 CFR 228.5 and 228.6. 
Section 103(b) of MPRSA requires that the USACE use dredged material sites designated by USEPA to 
the maximum extent feasible. Where use of an USEPA-designated site is not feasible, the USACE may, 
with concurrence of USEPA, select an alternative site in accordance with MPRSA 103(b).  

Section 228.3 of the Ocean Dumping Regulations established disposal site management 
responsibilities; however, the Water Resources Development Act of 1992 (WRDA 92; Public Law 102-
580) included a number of amendments to the MPRSA specific to ODMDS management. Section 102(c) 
of MPRSA as amended by Section 506 of WRDA 92 provides that: 

1. Site management plans shall be developed for each ODMDS designated pursuant to 
Section 102(c) of MPRSA. 

2.  After January 1, 1995, no ODMDS shall receive a final designation unless a site 
management plan has been developed. 

3.  For ODMDSs that received a final designation prior to January 1, 1995, site management 
plans shall be developed as expeditiously as practicable, but no later than January 1, 
1997, giving priority to sites with the greatest potential impact on the environment. 

4.  Beginning on January 1, 1997, no permit or authorization for dumping shall be issued for 
a site unless it has received a final designation pursuant to Section 102(c) MPRSA or it is 
an alternate site selected by the USACE under Section 103(b) of MPRSA. 

This site management plan for the Matagorda Ship Channel, Texas (MSC) ODMDSs was 
developed jointly by USEPA, Region 6 and USACE, Galveston District (SWG). In accordance with 
Section 102(c)(3) of the MPRSA, as amended by WRDA 92, the plan includes the following: 

1. A baseline assessment of conditions at the sites; 
2.  A program for monitoring the sites; 
3.  Special management conditions or practices to be implemented at the sites necessary for 

protection of the environment; 
4.  Consideration of the quantity of dredged material to be discharged at the sites, and the 

presence, nature, and bioavailability of the contaminants in the material; 
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5.  Consideration of the anticipated use of the sites over the long term, including the 
anticipated closure date for the sites, if applicable, and any need for management of the 
sites after the closure; and  

6.  A schedule for review and revision of the plan. 

II. Site Management Objectives 

The purpose of ODMDS management is to ensure that placement activities do not unreasonably 
degrade the marine environment or interfere with other beneficial uses (e.g., navigation) of the ocean. The 
specific objectives of management of the MSC ODMDS for maintenance material are as follows: 

1. Ocean discharge of only that dredged material that satisfies the criteria set forth in 40 
CPR Part 227 Subparts B, C, D, E, and G and Part 228.4(e) and is suitable for 
unrestricted placement at the ODMDS. 

2.  Avoidance of excessive mounding either within the site boundaries or in areas adjacent to 
the sites, as a direct result of placement operations. 

These objectives will be achieved through the following measures: 

1. Regulation and administration of ocean dumping permits. 
2. Development and maintenance of a site monitoring program. 
3. Evaluation of permit compliance and monitoring results. 

III. Roles and Responsibilities 

In accordance with Section 102 (c) of the MPRSA and with the Regional Memorandum of 
Understanding (MOU) between USACE, SWG and USEPA, Region 6 on Management of ODMDs 
signed August 13,1993, USEPA is responsible for designation of ODMDSs. Where use of an USEPA-
designated site is not feasible, the USACE, SWG may, with concurrence with USEPA, Region 6 select an 
alternative site in accordance with Section 103(b) of the MPRSA as amended by Section 506 of WRDA 
1992. 

Development of Site Management Plans for ODMDSs within SWG’s area of operation is the 
joint responsibility of USEPA, Region 6 and the USACE, SWG. Both agencies are responsible for 
assuring that all components of the Site Management Plans are implementable, practical, and applicable 
to site management decision-making. 

IV. Funding 

Physical, chemical, and biological effects-based testing of dredged material prior to placement at 
the ODMDS will be undertaken and funded by the Permittee if the projected is permitted or by USACE, 
SWG for Federal projects. The permittee or USACE, SWG, as appropriate, will also be responsible for 
costs associated with placement site hydrographic monitoring. Should monitoring indicate that additional 
studies and/or tests are needed at the ODMDSs, the cost for such work would be shared by the permittee 
or USACE, SWG and USEPA, Region 6. Physical, chemical, and biological effects-based testing at the 
ODMDS, or in the site environs after discharge, that is not required as a result of hydrographic 
monitoring, will be funded by USEPA, Region 6. Federal funding of all aspects of this site management 
plan is subject to Congressional budget constraints. 
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V. Baseline Assessment 

A. Site Characterization (Existing Maintenance ODMDS). One ODMDS has been 
designated for maintenance of the MSC. Following is a brief description of the site. 

The MSC’s maintenance ODMDS is located approximately 2 miles offshore of the Matagorda 
Peninsula, and about 1,000 feet southeast of the centerline of the MSC Entrance Channel. The site is 
rectangular is shape with corner coordinates located at: 

28°24′10″N, 96°18′23″W; 28°23′33″N, 96°17′45″W;  

28°23′05″N, 96°18′15″W; 28°23′43″N, 96°18′54″W.  

Baseline conditions at the MSC Maintenance ODMDS were assessed during the site designation process. 
Details of baseline conditions, including descriptions of the marine environment in the site vicinity and 
the physical, chemical and biological characteristics of the sediments and the water column at the site, are 
contained in the “Final Environmental Impact Statement (EIS), Matagorda Ship Channel Ocean Dredge 
Material Disposal Site Designation,” prepared by USEPA, Region 6 in 1990.  

B. Site Characterization (Proposed New Work ODMDS). The proposed new work ODMDS 
is anticipated to receive only new work dredged material generated by the construction of the MSC 
Improvement Project (MSCIP) and is intended to be a one-time use ODMDS. The proposed new work 
ODMDS is located approximately 3.5 miles offshore from the Matagorda Peninsula, with its area 
bounded by the following coordinates: 

28°23′14″N, 96˚17′25″W; 28°22′14″N, 96°16′20″W;  

28°21′17″N, 96°17′28″W; 28°22′17″N, 96°18′32″W. 

The proposed new work ODMDS occupies an area of approximately 1,600 acres, with its footprint 
located in depths ranging from 38 to 44 feet. 

Baseline conditions at the MSC designated maintenance and proposed new work Material 
ODMDSs were assessed during the site designation process. Details of baseline conditions, including 
descriptions of the marine environment in the site vicinity and the physical, chemical, and biological 
characteristics of the sediments and the water column at the site, are contained in the Draft EIS, 
Matagorda Ship Channel, Ocean Dredged Material Disposal Site Designation prepared by USEPA, 
Region 6, in July 1989 and finalized in July 1990. 

C. Historical Use of Sites. The maintenance ODMDS received final designation in 1990. 
Historical use of the MSC maintenance material ODMDS since its designation is depicted in Table V-1: 
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Table V-1 Historical Use of the Maintenance Material ODMDS 

Completion Date  
Dredging 

Type 
Channel 
Location 

Dredged Material 
Volume (cubic 

yards [cy]) 

Dredging 
Cycle (Years 

[yr]) 

Equivalent 
Annual 
Volume 
(cy/yr) 

      146,620 
11-Aug-93  Maintenance Entrance 664,190 4.53  
      156,533 
23-Sep-96  Maintenance Entrance 488,383 3.12  
      210,227 
16-Jul 99  Maintenance Entrance 590,740 2.81  
      81,161 
13-Jan-04  Maintenance Entrance 365,226 4.50  
TOTAL       
SINCE Jan-19891       

No. years 
1
5 years/cycle 3.75  Total cy 2,108,539 

No. dredgings 4 months/cycle 45  cy/cycle 527,135 
     cy/yr 140,569 

1Last maintenance dredging of the MSC Entrance Channel prior to the maintenance material ODMDS designation occurred in 
January 1989. 

The material is dredged from the MSC’s Entrance Channel, and transported to the ODMDS by 
hopper dredge or scow. The dredge, either a conventional bottom opening hopper or a split-hulled hopper, 
travels from the dredging site with its doors closed. Upon reaching the designated ODMDS, the hoppers 
are opened and the material is released as the dredge travels through the site. The hoppers are closed 
before the dredge leaves the site. The disposal operations occur 24 hours a day, 7 days a week until the 
dredging is completed. Historically, dredged material release points were not specified; however, a 
500-foot-wide no-discharge zone immediately inside the boundaries of each ODMDS was observed to 
prevent short-term transport of the material out of the sites. 

D. Proposed New Work ODMDS. The proposed new work ODMDS has not previously 
received any dredged material from the existing MSC project. 

VI. Quantity of Material and Level of Contamination 

A. Summary of information used to determine size of the New Work ODMDS. To construct 
the MSCIP, a total of 46.5 million cy (mcy) of material will need to be dredged from both the Entrance 
Channel and the In-Bay Channel. Of the 46.5 mcy of new work material to be dredged from the MSC, 
approximately 12.0 mcy of that construction dredged material is planned to be placed in the new work 
ODMDS. The In-Bay Channel dredged material to be placed in the new work ODMDS will consist of 
8.8 mcy of predominantly soft clay material with a small fraction of silt. An additional 3.2 mcy of mixed 
material, containing sand, silts, and clay to be dredged from the Entrance Channel will also be placed 
within the new work ODMDS. 

As described in the ODMDS designation EIS, the size of the new work material ODMDS was 
determined by simulating the placement dredged sediments and the resulting subaqueous mound 
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configuration by running the MDFATE computer model. This simulation assumed a total of 12.0 mcy of 
construction dredged material would be placed in the one-time use new work ODMDS. The new work 
ODMDS is within a dispersive environment, therefore the dredged material deposited within the footprint 
of the ODMDS is expected to erode, especially due to the higher percentage of fine-grain components. 

B. Summary of testing requirements per Regional Implementation Agreement (RIA) and 
summary of past dredged material evaluations. In July 2003, an RIA was executed between USEPA 
Region 6, and the USACE, SWG. This RIA described protocols for evaluating the quality of the dredged 
material and implementation of the Evaluation of Dredged Material Proposed for Ocean Disposal Testing 
Manual dated February 1991. These protocols describe chemical parameters to be analyzed, as well as 
required detection limits. It also specifies how toxicity testing and bioaccumulation assessments are to be 
conducted, as well as organisms to be utilized. Since that time, all sediment evaluations have been 
conducted in accordance with the RIA.  

Table VI-I lists the years sediments samples were collected from the MSC since 1987, and 
displays those constituents of concern that exceeded the National Oceanic and Atmospheric 
Administration’s (NOAA) sediment chemistry Effects Low Range (ERL) values. Arsenic was the only 
constituent that exceeded ERL values for sediment samples collected during the past 5 years (maximum 
number of years chemistry data is considered relevant to USEPA, Region 6). However, since the 
concentration for arsenic (8.42 mg/kg) barely exceeded the ERL value of 8.20 mg/kg, and the survival 
data from the solid phase bioassays indicated no unacceptable toxic impacts to benthic organisms, along 
with results of no adverse bioaccumulation concentration of metals within test organisms, the material 
was deemed to be acceptable for offshore placement. 

Table VI-1 Exceedances of ERLs in Samples Collected by the USACE 

Date Parameter Comment 

1987 Nickel ERL exceeded at 1 (85+000) of 21 channel stations 

1988  No exceedances, 3 channel, 1 PA, and 1 reference stations 

1989 Copper ERL exceeded at 1 (85+000) of 9 channel stations (80+00 - 117+000) and 1 of 3 reference 
stations 

1991  No exceedances, 17 channel, 3 PA, and 4 reference stations 

1993 Nickel ERL exceeded at 1 (115+000) of 13 channel stations (15+000 - 115+000) 

1995 Nickel ERL exceeded at 1 of 2 reference stations 

1997  No exceedances, 11 channel and 2 reference stations 

1998  No exceedances, 3 channel, 1 PA, and 1 reference stations 

May-00 Mercury ERL exceeded at 20 of 23 stations in the Point Comfort Turning Basin 

Aug-00 Mercury ERL exceeded at all three composite stations in the MSC between Gallinipper Point and the 
Point Comfort Turning Basin and in the reference sample 

 Mercury ERL exceeded at all three composite stations in the Point Comfort Turning Basin and in the 
reference sample 

Oct-00 Silver ERL exceeded at 1 (105+000) of 26 channel stations (20+000 - 105+000) 

2001 Arsenic ERL exceeded at 1 (-15+000) of 3 channel stations (-11+000 to -19+000) 

Jan-03  No exceedances, 23 channel and 1 PA stations 

Apr-03  No exceedances, 14 stations 

2005  No exceedances, 3 channel, 1 PA, and 1 reference stations 

2006  No exceedances, 4 channel and 1 PA sediment-only stations 
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Table VI-2 displays those constituents of concern for water and elutriate samples that exceeded 
the Texas Surface Water Quality Standards (TWQS) and EPA’s water quality discrete criteria (WQC). 
Mercury was the only constituent that exceeded WQC and TWQS values for elutriate samples collected 
during the past 5 years. The samples collected in 2005 were the only time mercury was detected in either 
water or elutriate samples. However, the Limiting Permissible Concentration for water column toxicity/ 
Suspended Particulate Phase bioassays for these samples was met. Therefore the material was deemed to 
be acceptable for offshore placement. 

Table VI-2. Exceedances of WQC and/or TWQS in Samples Collected by the USACE 

Date Parameter Comment 
1987 Copper WQC, but not TWQS, exceeded in elutriate at 5 (30+00, 40+000, 70+000, 

75+000, 105+000) of 21 channel stations (20+000 – 117+000) 
  WQC, but not TWQS, exceeded in water but not elutriate at both reference 

stations 
 Nickel WQC, but not TWQS, exceeded in elutriate at 2 (40+000, 90+00) of 21 

channel stations (20+000 – 117+000) 
 Zinc WQC and TWQS exceeded in elutriate but not water at 1 (40+00) of 21 

channel stations (20+000 – 117+000) 
  WQC and TWQS exceeded in water but not elutriate at 1 (100+00) of 21 

channel stations and both placement area stations 
1988  No exceedances, 3 channel, 1 PA, and 1 reference stations 
1989  No exceedances, 9 channel, 3 PA, and 3 reference stations 
1991  No exceedances, 17 channel, 3 PA, and 4 reference stations 
1993  No exceedances, 13 channel, 2 PA, and 2 reference stations 
1995  No exceedances, 38 channel, 2 PA Stations, and 2 reference stations 
1997  No exceedances, 11 channel and 2 reference stations 
1998  No exceedances, 3 channel, 1 PA, and 1 reference stations 
May-00  No exceedances, 23 stations 
Aug-00 Copper WQC, but not TWQS, exceeded in elutriate at 1 of three MSC stations and 

both exceeded at 1 of 3 stations 
 Silver WQC and TWQS exceeded in water and elutriate at 1 of three MSC stations 

and both exceeded at 1 of 3 stations 
 Copper WQC, but not TWQS, exceeded in elutriate at 1 of three PCTB stations 
Oct-00  No exceedances, 26 channel, 2 PA Stations, and 2 reference stations 
2001  No exceedances, 3 channel, 1 PA, and 1 reference stations 
Jan-03  No exceedances, 23 channel and 1 PA stations 
Apr-03  No exceedances, 15 channel, 2 PA, and 2 reference stations 
2005 Mercury WQC and TWQS exceeded in elutriate samples from all 3 Entrance Channel 

stations 
2006  No exceedances, 4 channel and 1 PA sediment-only stations 

The results of the above testing indicate maintenance material from the MSC is suitable for 
offshore placement without special management conditions. Additionally, it is expected the new work 
dredged material should contain chemical constituents of concern at concentrations that are equal or less 
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than what has been seen in the historic maintenance dredged material, therefore the new work dredged 
material should be suitable for the one-time placement within the new work ODMDS. 

VII. Anticipated Site Use 

The maintenance dredging frequency for the MSC’s Entrance Channel is estimated to decrease to 
once every 4 years following completion of the MSCIP. However, the volume of the maintenance 
dredged material for each dredging cycle is expected to increase to 1.088 mcy. The MDFATE computer 
model was used to simulate the placement of a larger volume of future maintenance dredged material 
within the existing maintenance ODMDS. Results of the simulation revealed the size of the existing 
maintenance ODMDS is sufficient to receive the estimated 1.088 mcy of future maintenance dredged 
material at a placement cycle of once every 4 years. Therefore, modification to the operations or 
dimensions of the existing maintenance ODMDS will not be required following implementation of the 
MSCIP. 

The MSCIP will generate roughly 46.5 mcy of new work dredged material. Approximately 
12.0 mcy of the 46.5 mcy of new work dredged material is planned to be placed within the one-time use 
new work ODMDS. The remaining 34.5 mcy of the new work dredged material will be beneficially used 
to create subaqueous and emergent habitats, nourish beaches and stabilize shorelines, and provide for in-
situ capping of bay bottom contaminants. Also, a portion of the new work dredged material will be used 
to create upland disposal facilities to receive new work and future maintenance dredged material. A multi-
agency Resource Management Working Group (RAWG) assisted in formulating a Dredged Material 
Management Plan (DMMP) to optimize the beneficial use of the MSC’s new work and maintenance 
dredged material. The MSCIP’s dredged material placement features are consistent with the DMMP as 
accepted by the RAWG. 

VIII. Special Management Conditions or Practices 

Currently, no special management conditions or practices related to placement of dredged 
material into the designated ODMDSs have been required. As previously discussed, evaluations of 
sediment quality have indicated that the material from the channel is suitable for offshore placement 
without such requirements. However, all operations shall be conducted such that the dredged material 
remains within the bounds of the ODMDS immediately following descent to the ocean floor. 

A seasonal restriction has been recommended by the National Marine Fisheries Service (NMFS) 
during formal consultation undertaken pursuant to the Endangered Species Act (NMFS, 2007). This 
restriction was based on potential impacts of hopper dredging operations on several species of threatened 
and endangered sea turtles. The recommendation is to restrict hopper dredging to the period from 
December 1 through March 31, during which turtle abundance is at a minimum. This recommendation 
pertains, however, only to actual dredging operations, and not placement of the material into the 
ODMDSs. While it may not be practical to observe this restriction for all dredging cycles, it will be 
practiced when feasible. 

IX. Monitoring Program 

The primary purpose of the Site Monitoring Program is to evaluate the impact of the placement of 
dredged material on the marine environment. The evaluations will be used for making decisions, 
preventing unacceptable adverse effects beyond the site boundary, and ensuring regulatory compliance 
over the life of the ODMDS. Emphasis will be placed on determining physical impacts, since, to date, 
dredged material from the MSC Project has been determined to be acceptable for ocean placement, 
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without special conditions; however, consideration of contaminants will also be included. Testing of 
dredged material is conducted based on “Greenbook” and RIA procedures; however, it is necessary to 
verify the decisions made regarding the suitability of the dredged material are correct and that the material 
is not having an adverse impact to the environment. In the event that the material persists in the ODMDS, 
there may be potential for long-term contaminant effects on the benthos. 

The size and location of the MSC designated maintenance and proposed new work ODMDSs 
were determined pursuant to the General Criteria as listed in 40 CFR 228.5 and the Specific Criteria at 40 
CFR 228.6(a). There are no significant environmental resources delineated within or immediately outside 
of the designated and proposed ODMDSs. Since these sites are dispersive in nature, the primary concern 
of the use of the sites is the potential short-term build up of dredged material such that a hazard to 
navigation is presented. Another concern is whether there is significant short-term movement of the 
dredged material beyond the ODMDS boundaries, specifically; the benthic community can be impacted if 
significant rapid movement of material off the sites occurs, resulting in burial of benthic populations 
outside the sites. Studies have shown that benthic organisms can burrow through 6–9 inches of dredged 
material without significant impacts on the community (EPA/USACE, 1996). 

The Site Monitoring Program is designed as a tiered program. If initial tier results fail 
predetermined limits, then a more complex set of tests is invoked at the next tier to determine the extent 
of impact. The tiers are used to facilitate rapid, accurate and economical collection of information for use 
by the USEPA, Region 6, and the USACE, SWG. The tiered testing for these factors is described below. 

CONSTRUCTION MATERIAL 

While the literature on maintenance material disposal on the Gulf Coast indicates only minor 
short-term and negligible long-term mounding from placement activities, little information is available for 
new work ODMDS. Mounding from the new work construction material, while acceptable, is higher and 
of firmer material than is true for the maintenance material. Additionally, construction placement is 
expected to last for only a period of 2 years or less, and more frequent monitoring would be expected than 
would be necessary for the periodic, but short-term placement that occurs with maintenance dredging. 
The following monitoring and surveillance program is proposed for the MSCIP ODMDS during 
construction. The monitoring is discussed in detail below. 

A major consideration in the acceptability of the size of the ODMDS was the location of the 
dredge when each discharge occurs. To prevent excessive mounding, it is necessary that a method be 
utilized to record the location of each discharge to ensure that the dredge places material all over the 
ODMDS while it avoids approaching the edges of the ODMDS too closely. The following is the scheme 
used in the modeling to avoid excessive mounding and dispersal of material outside the ODMDS: two 
discharges at all exterior placement points (one should a larger dredge be used), followed by one 
discharge at each of the interior placement points in a given sequence until each has been utilized. 
Continue repeating the sequence with one discharge at each interior placement point until construction is 
complete. 

TIER l  

Bathymetric Surveys 

Bathymetric surveys will be obtained before the start of disposal operations. Surveys will be 
obtained monthly during the disposal operation. Upon completion of disposal operations, surveys will be 
performed after 6 months and 1 year. 
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Routine bathymetric scans should be conducted for the ODMDS to determine that there is no 
excessive mounding; e.g., to elevations greater than 5 feet above the existing bottom elevation (unless an 
alternate height is determined in agreement between the USEPA and USACE on a case-by-case basis), 
and that there is no short-term transport of material beyond the limits of the ODMDS. Therefore, an 
accumulation of 1 foot of sedimentation along the ODMDS boundary will be considered the threshold 
level for movement of material outside of the designated ODMDS. These determinations will be based on 
a comparison of the results with predredging surveys. 

Hydrographic surveys will be conducted along transects within the ODMDS. These transects will 
be oriented perpendicular to the channel in the direction of sediment transport (i.e., southwest). Transect 
intervals will be every 1,000 feet extending 1,000 feet outside each boundary. In addition, a depth profile 
will be obtained along the boundary. 

Surveys will be obtained using a USACE, or contract, survey vessel equipped with electronic 
surveying capabilities. The vessel must be equipped with positioning equipment with a horizontal 
precision of 1 foot. The fathometer, which will display real-time depth on real-time location, must have a 
precision of 0.5 foot. All data will be collected using methodology described in Engineer Manual EM 
1110-2-1003, dated January 1, 2002. 

Data Analysis 

• If the monthly surveys indicate movement of material outside of the designated limits, the 
disposal operation will be reviewed to determine if the disposal sequence is being properly 
followed. The disposal sequence will be adjusted as necessary to compensate for the 
movement. 

• If the surveys indicate deposited dredged material is not mounding to elevations greater than 
the threshold elevation above the existing bottom elevation, and there is no short-term 
movement of material beyond the limits of the ODMDS, then the management objectives are 
being met. Further monitoring will be conducted as scheduled. 

• If the after-dredging surveys indicate mounding to elevations greater than the threshold 
elevation, and/or movement of material out of the ODMDS has occurred, then the monitoring 
program will proceed to Tier 2.  

Sediment Chemistry 

Monitoring stations, which consist of a control station, stations located immediately outside the 
ODMDSs, and stations located some distance down-current from the site should be sampled for the items 
noted in the following paragraph to determine if impacts are occurring outside of the ODMDSs.  

These stations should be sampled periodically during construction and for 1 year after the 
cessation of discharge of new work material at the site. Frequency of monitoring will be decided by the 
USEPA, in cooperation with the USACE, prior to construction. Samples should be collected for: (1) 
grain-size analysis, and (2) chemical characterization of sediments. 

Data Analysis 

• Sediment chemistry results should be compared to the results of previously collected samples 
from the sites and control sample. If significant increases in levels of contaminants are 
observed, then a bioassay/bioaccumulation study should be conducted to determine effects to 
the benthic communities. The studies are described below as Biological Testing under Tier 2. 
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Significantly elevated sediment concentrations are defined as: concentrations above the range 
of contaminant levels in dredged sediments that the Regional Administrator and the District 
Engineer found to be suitable for disposal at the ODMDS  

• During Dredging – If contaminant concentrations are not significantly different from previous 
data, then further monitoring will be conducted as scheduled. 

• After Dredging – If contaminant concentrations are not significantly different from previous 
data then no further testing is needed. 

Benthos 

Monitoring stations, which consist of a control station, stations located immediately outside the 
ODMDS, and stations located some distance down-current from the site should be sampled for the items 
noted in the following paragraph, to determine if impacts are occurring outside of the ODMDS. Substrate 
elevation should also be determined at each sampling station during each sampling event. 

These stations should be sampled periodically during construction and for 1 year after the 
cessation of discharge of new work material at the site. Frequency of monitoring will be decided by the 
USEPA, in cooperation with the USACE, prior to construction. Samples should be collected for: 
macrobenthic invertebrates (in triplicate). 

Data Analysis 

• Macrobenthic community structure should be compared to the control sample to eliminate 
effects of potential seasonal variation. If significant changes are observed, then further 
analysis must be conducted under Tier 2. Significant changes are defined as: statistically 
significant differences in community structure or population density. 

• During Dredging – If macrobenthic community structure is not significantly different than the 
control, then further monitoring will be conducted as scheduled. 

• After Dredging – If macrobenthic community structure is not significantly different than the 
control, then no further testing is needed. 

TIER 2 

Bathymetric Surveys 

If deposited dredged material mounds to elevations above the threshold value, then monitoring 
will continue as scheduled, and could possibly be extended. A Notice to Mariners shall be posted as 
appropriate. 

If transport of material from the site is occurring, hydrographic surveys shall be expanded to 
include the impacted areas to determine the changes in dispersion of the material. A depth of more than 
1 foot of sedimentation along the ODMDS boundary will be considered the threshold level for significant 
movement of material outside of the designated ODMDS. 

Data Analysis 

• During Dredging – If deposited dredged material is mounding to elevations above the 
threshold value, but less than 10 feet above the existing bottom elevation, and/or there is no 
significant short-term transport of material beyond the limits of the ODMDS, then monitoring 
shall continue as scheduled. A Notice to Mariners shall be issued as appropriate. 
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• During Dredging – If deposited dredged material is mounding to elevations greater than 
10 feet, then bathymetric monitoring shall continue as scheduled. A Notice to Mariners shall 
be posted as appropriate. If mounding is considered to be excessive, alterations to the 
placement operations may be warranted. 

• During Dredging – If significant movement of material out of the ODMDS is occurring, 
bathymetric monitoring shall be expanded to include the impacted areas to determine the 
changes in dispersion of the material, and will continue on a quarterly basis until 1 year 
following completion of discharge operations has elapsed, or until agreement is reached 
between the USEPA, Region 6 and USACE, SWG to continue or discontinue monitoring . 
Findings shall be documented for future reference.  

• After Dredging – If deposited dredged material has mounded to elevations above the 
threshold value, but less than 10 feet above the existing bottom elevation; and/or there is no 
significant short-term transport of material beyond the limits of the ODMDS, then 
bathymetric monitoring shall continue at predetermined 6-month intervals for 1 year, or until 
agreement is reached between the USEPA, Region 6 and USACE, SWG to continue or 
discontinue monitoring. Findings shall be documented for future reference and a Notice to 
Mariners will be issued as appropriate. 

• After Dredging – If deposited dredged material is mounding to elevations greater than 
10 feet, then bathymetric monitoring shall continue at predetermined 6-month intervals for 
1 year, or until agreement is reached between the USEPA, Region 6 and USACE, SWG to 
continue or discontinue monitoring. Findings shall be documented for future reference and a 
Notice to Mariners will be issued as appropriate. 

• After Dredging – If significant movement of material out of the ODMDS has occurred, 
bathymetric monitoring shall be expanded to include the impacted areas to determine the 
changes in dispersion of the material, and shall continue on a quarterly basis for a 1-year 
period, or until agreement is reached between the USEPA, Region 6 and USACE, SWG to 
discontinue monitoring. Findings shall be documented for future reference and a Notice to 
Mariners will be issued as appropriate. 

Sediment Chemistry  

If the results of the Tier 1 sediment chemistry evaluation indicate the need for additional testing, 
then solid-phase bioassay and bioaccumulation testing shall be conducted in accordance with the 
procedures described in the RIA. Funding for work under this Tier will be provided by Permittee as 
described in Section IV, Funding. 

Data Analysis 

• During Dredging – The data analysis parameters and criteria described in the RIA shall apply 
to the testing. If significant toxicity is found, the USACE, SWG together with USEPA, 
Region 6 will consider various management options to rectify the situation. Because the 
ODMDS is a dispersive site, potential sources of toxicity other than dredged material must 
also be considered. A decision must also be made whether to allow this use to continue. 

• During Dredging – If significant toxicity is not found, testing will continue as described in 
Tier 1. 
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• After Dredging – The data analysis parameters and criteria described in the RIA shall apply 
to the testing. Because the ODMDS is a dispersive site, potential sources of toxicity other 
than dredged material must also be considered. Findings will be documented for future 
reference. 

• After Dredging – If significant toxicity is not found, no further testing is needed. Findings 
will be documented for future reference. 

Benthos 

A significant change in community structure or population density may be an indication that the 
substrate has changed. This could be a result of natural redistribution of sediments, the dredged material 
may be moving beyond the ODMDS at a faster rate than anticipated, or that toxicity has occurred. To 
determine if the latter is true, solid-phase bioassay and bioaccumulation testing shall be conducted in 
accordance with the procedures described in the RIA. Funding for work under this Tier will be provided 
by Permittee as described in Section IV, Funding. 

Data Analysis 

• During Dredging – The data analysis parameters and criteria described in the RIA shall apply 
to the testing. If significant toxicity is found, the USACE, SWG together with USEPA 
Region 6 will consider various management options to rectify the situation. Because the 
ODMDS is a dispersive site, potential sources of toxicity other than dredged material must 
also be considered. A decision must also be made whether to allow this use to continue. 

• During Dredging – If significant toxicity is not found, testing will continue as described in 
Tier 1. 

• After Dredging – The data analysis parameters and criteria described in the RIA shall apply 
to the testing. Because the ODMDS is a dispersive site, potential sources of toxicity other 
than dredged material must also be considered. Findings will be documented for future 
reference. 

• After Dredging – If significant toxicity is not found, no further testing is needed. Findings 
will be documented for future reference. 

MAINTENANCE MATERIAL 

TIER l  

Physical and chemical evaluations of the ODMDS material shall be conducted to characterize 
possible effects from the placement of dredged material occurring at the site. Physical analyses of the 
sediment can assist in assessing the impact of disposal practices on the benthic environment at the 
disposal site and determine if dredged material is migrating off site. Chemical analyses of the sediment 
shall be conducted to identify if contaminants of concern are suspected to be affecting the benthic 
environment of the disposal site. 

Sediment Chemistry  

Sediment chemistry analyses shall be conducted in conjunction with the dredged material 
evaluations from samples collected in the navigation channel. Collecting samples from both the 
navigation channel and ODMDS during the same sampling event has been determined to be the most 
efficient use of resources. Because most ODMDSs lie directly adjacent to the navigation channels, there 
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are relatively short distances between the two areas. As described in the RIA, sediment testing in the 
navigation channels generally occurs on a 5-year cycle. 

Data Analysis 

• Sediment chemistry results from the ODMDS should be compared to the results collected 
from the navigation channel. If significant increases in levels of contaminants are observed at 
the ODMDS then a bioassay/bioaccumulation study should be conducted to determine effects 
to the benthic communities. The studies are described below as Biological Testing under Tier 
2. Significantly elevated sediment concentrations are defined as: concentrations above the 
range of contaminant levels in dredged sediments that the Regional Administrator and the 
District Engineer found to be suitable for disposal at the ODMDS. 

• If contaminant concentrations are not significantly different than navigation channel 
concentrations then no further testing is needed. 

Bathymetric Surveys 

The ODMDS is located outside of the safety fairway for large vessel traffic, therefore the 
mounding will be considered in regard to shallow-draft vessels, only. Considering the grain-size 
characteristics of typical maintenance dredged material from this channel, significant mounding is not 
expected subsequent to discharge operations. The threshold elevation for mounding of dredged material 
within the ODMDS will be 5 feet, or other mutually agreed- upon elevation, above the existing bottom 
elevation. 

Since the sites are dispersive, movement of material from the sites is expected to occur after 
disposal operations cease. In order to detect if short-term movement of the material out of the designated 
ODMDS is occurring at a significant rate, hydrographic surveys of the ODMDS will be obtained before 
the start of disposal operations, and soon after completion of disposal operations. An accumulation of one 
1 foot of sedimentation along the ODMDS boundary will be considered the threshold level for movement 
of material outside of the designated ODMDS. This determination will be based on a comparison of the 
results of these before and after surveys. 

Hydrographic surveys will be conducted along transects within the ODMDS. These transects will 
be oriented perpendicular to the channel in the direction of sediment transport (i.e., southwest). Transect 
intervals will be every 1,000 feet extending 1,000 feet outside each boundary. In addition, a depth profile 
will be obtained along the boundary. 

Surveys will be obtained using a USACE, or contract survey vessel equipped with electronic 
surveying capabilities. The vessel must be equipped with positioning equipment with a horizontal 
precision of 1 foot. The fathometer, which will display real-time depth on real-time location, must have a 
precision of 0.5 foot. All data will be collected using methodology described in Engineer Manual EM 
1110-2-1003, dated January 1, 2002. 

Data Analysis 

• If deposited dredged material is not mounding to elevations greater than the threshold 
elevation above the existing bottom elevation, and there is no short-term movement of 
material beyond the limits of the ODMDS, then the management objectives are met. No 
further post disposal monitoring will be required. 
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• If mounding to elevations greater than the threshold elevation, and/or movement of material 
out of the ODMDS has occurred, as determined by the post-dredging survey, then the 
monitoring program will proceed to Tier 2. 

TIER 2 

Biological Testing 

If the results of the Tier 1 sediment chemistry evaluation indicate the need for additional testing, 
then solid-phase bioassay and bioaccumulation testing shall be conducted in accordance with the 
procedures described in the RIA. Funding for work under this Tier will be provided by USEPA, Region 6 
as described in Section IV, Funding. 

Data Analysis 

• The data analysis parameters and criteria described in the RIA shall also apply to the testing 
conducted at the ODMDS. If significant toxicity is found at the ODMDS, the USACE, SWG 
together with USEPA, Region 6 will consider various management options to rectify the 
situation. Because the ODMDS is a dispersive site, potential sources of toxicity other than 
dredged material must also be considered. If planned use of the ODMDS is imminent, a 
decision must also be made whether to allow this use to occur. 

• If significant toxicity is not found, no further testing is needed and disposal activities will 
continue at the ODMDS. 

Bathymetric Surveys 

If transport of material from the sites is occurring, hydrographic surveys will be expanded to 
include the impacted areas and will be performed on a semi-annual basis to determine the changes in 
dispersion of the material until the impacts no longer occur. A depth of more than 1 foot of sedimentation 
along the ODMDS boundary will be considered the threshold level for significant movement of material 
outside of the designated ODMDS. 

Data Analysis 

• If deposited dredged material is mounding to elevations above the threshold value, but less 
than 10 feet above the existing bottom elevation; and/or there is no significant short-term 
transport of material beyond the limits of the ODMDS, then semiannual post disposal 
monitoring will occur as described. 

• If at six months after disposal, deposited dredged material remains mounded to elevations 
greater than half the post-disposal elevations, then bathymetric surveys will be continued. 

• If deposited dredged material is mounding to elevations greater than 10 feet, and/or 
significant movement of material out of the ODMDS have occurred, the USACE, SWG 
together with USEPA, Region 6 will consider various management options to rectify the 
situation. Such options could include, but are not limited to: Designation of sequential 
discharge points; Expansion of the ODMDS; or Relocation of the ODMDS within the zone of 
siting feasibility described in the designation EIS. 

U.S. Environmental Protection Agency/U.S. Army Corps of Engineers. 1996. Guidance document for 
development of site management plans for ocean dredged material disposal sites. Office of Water 
(4504F), Environmental Protection Agency, Washington, D.C.  
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National Marine Fisheries Service (NMFS). 2007.  Revision 2 to the November 19, 2003  Biological 
Opinion concerning Dredging of Gulf of Mexico Navigation Channels and Sand Mining 
(“Borrow”) Areas Using Hopper Dredges by COE Galveston, New Orleans, Mobile, and 
Jacksonville Districts (Consultation Number F/SER/2000/01287). 
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1.0 Introduction 

The Calhoun County Navigation District (CCND) is proposing to enlarge the Matagorda Ship 

Channel through the bay by widening it from 200 to 400 feet and deepening it from 36 to 44 feet 

to improve waterborne commerce to the Port of Port Lavaca/Point Comfort.  Offshore, CCND is 

proposing to widen the channel from 300 to 600 feet and deepen it from 38 feet to 46 feet.  One 

of the impacts from the Matagorda Ship Channel Improvement Project (MSCIP) would be the 

increase in saltwater intrusion from the Gulf of Mexico which would change the salinity regime in 

the bays and impact oyster reefs in Lavaca Bay.  This report presents a method to evaluate 

these impacts and determine the extent of mitigation to replace any losses. 
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2.0 Growth and Maintenance of Existing Oyster Reefs in Lavaca Bay 

Oyster reefs are found throughout the Matagorda Bay system and are sampled regularly by the 
Texas Parks and Wildlife Department (TPWD) to evaluate reef for the number and size of live 
oysters and to take tissue samples for evaluation of oyster disease (Figure 1).  Several 
prominent reefs--Shell Island Reef, Mad Island Reef, Sammy’s Reef, and Half Moon Reef--
extend down into the eastern arm of Matagorda Bay where the Colorado River now enters the 
estuary.  Reefs are also found in and at the mouth of Tres Palacious Bay and Carancahua Bay.  
Matagorda Bay proper does not have any persistent reefs.  Lavaca Bay and the bays which 
serve it, Keller Bay and Cox Bay, contain a complex of linear and patch reefs (Figure 2) which 
were mapped in 2002 by Simons et al. (2005).  The more prominent reefs are Indian Point Reef, 
Gallinipper Reef, Alcoa Reef (Mitchell’s Reef), Rhodes Point Reef, Kellers Bed Reef, and the 
reef complex along the I-35 Causeway (known locally as Noble Point Reef, Pier Reef, and 
Chicken Foot Reef).  There are also a number of smaller reefs scattered around the Lavaca Bay 
system.  Some are found along the channels in the bay or along submerged structures and 
dredged material deposits; others are found along the shore.  

Commercial use of an oyster reef will vary from year to year depending upon the distance from 
port, density of commercial-sized oysters on the reef, location in shallow water where access is 
difficult by boat, demand for oysters, and whether the reef is in a restricted or conditionally 
approved area as regulated by the Texas Department of State Health Services.  Oyster reef 
nevertheless provides benthic feeding and cover habitat for fish and invertebrates of the reef 
community, provides brood stock for larval recruitment each year, and filters organic material 
from the water column and converts it to oyster biomass.    

Oyster reefs develop on hard substrates such as rock or shell (which can include the 
shoulders and slopes of navigation channels down to about 20 feet).  Oysters are euryhaline 
and can be found in bay salinities from 5 ppt to over 40 ppt although the optimal range of 10 to 
25 ppt (Cake 1983) is dictated by factors other than salinity alone.  Oysters require bay 
circulation patterns which will bring planktonic larvae to the site and have a flow high enough 
to remove silt from the reef and bring filterable organic material to the oyster.  Reefs must also 
have a salinity regime which is suitable for the oyster but which will limit the access of less 
euryhaline predators and parasites.   

Adequate winter salinities above 10 ppt are the usual case for Lavaca Bay with salinities only 
falling below 5 ppt during winter or spring freshets or during tropical storms later in the year.  
When freshets occasionally do drop salinities to 5 ppt, the oyster will close and become inactive, 
living off of stored energy.  The length of time until an oyster succumbs depends upon the 
temperature, and thus the metabolism of the oyster, as well as the overall health of the oyster at 
the time of inactivity.  In colder weather an oyster may survive for as long as two weeks until 
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suitable conditions return; in warm temperatures the oyster can survive only a few days.  
Oysters will recover from heavy reef losses in two to three years. 

Most of the commercial-sized oysters (76 mm or larger) will be harvested during the oyster 
season from November 1 to April 30.  Remaining adults and under-sized oysters will spawn in 
the spring.  Water temperatures in the well-mixed coastal bays of Texas closely follow air 
temperature patterns and are normally above 10 degrees C (well above the minimum 
requirements of the oyster).  Rising water temperatures in the spring prompt the production of 
eggs and sperm.  Spawning may begin at temperatures consistently above 20 degrees C but 
mass, synchronous spawning normally does not occur until mid-May or early June at a 
temperature of 25 degrees C and a salinity above 10 ppt.  This may be delayed or stopped by 
spring freshets.  Spawning can continue through the summer. Young adults are generally 
males; older ones are mostly females so fertilization of millions of eggs is assured.  Fertilization 
takes place almost immediately and development to a free-swimming larval stage occurs in 
about 12 to 36 hours.  Continued development of larval stages occurs over the next two to three 
weeks (depending on temperatures and availability of plankton for food), culminating with spat 
set on the reef. 

Larvae are moved around the estuary by waves and currents until development or the chemical 
attraction of existing reef causes settlement.  Many larvae are lost to predation during this time; 
many are lost to the open sea on outgoing tides.  The fate of larvae can be controlled to some 
extent by vertical movement to favorable salinities and flows, but it is generally believed that 
oyster larvae must move with the currents to a suitable settlement spot, and many are lost in the 
soft muds of the bay bottom.  The defense against heavy losses during the larval stage is high 
numbers of spawn—as much as half of the plankton of the bay may be oyster larvae after mass 
spawning and entry into the water column. 

The final larval stage, an eyed pedi-veliger with a foot, will settle on the substrate, find a spot 
suitable for attachment, and secret a cement that attaches the left shell of the larva to the 
substrate.  Spat will set at salinities above 10 ppt but prefer salinities in the range between 18 
and 22 ppt.  Metamorphosis to a young oyster occurs quickly.  Newly settled spat are 
microscopic but grow very rapidly to small oysters which have all of the characteristics of adults 
except reproductive capability.  Juvenile oysters may become sexually mature after 6 to 8 
weeks of growth on the reef, and these young-of-the-year may spawn later in the same year but 
their contribution of eggs and sperm is minor compared with the older adult spawners.  
Normally, these smaller oysters would not be expected to produce appreciable spawn until the 
following spring. 
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3.0 Factors Affecting the Health of Reefs in the Estuary 

Oysters can live for a number of years but seldom do because they are harvested as soon as 
they reach commercial size or they are attacked by predators such as the oyster drill (Thais 
haemostoma); a variety of crabs including the blue crab, several xanthid or mud crabs, and 
stone crabs; and black drum (Pogonias cromis); or they are parasitized by Dermo (Perkinsus 
marinus; formerly known as Dermocystidium marinum) and the ectoparasitic gastropod Boonea.  
Oysters may also succumb to deterioration of the shell from shell invaders like the boring 
sponge (Cliona), boring clam (Diplothya) and blister worm (Polydora).  Predators have more 
impact on the young, thin shelled oyster; parasites cause more damage to adults.  Competitors 
for setting space and food like the hooked mussel (Brachidontes recurvus ) and a variety of 
barnacles (Balanus) can also reduce oyster health and shorten life.  Hofstetter, in field studies of 
oysters in trays over a 7-year period (1964 to 1971), found that natural mortality of oysters is 
about 86 percent by the end of the second year.  The removal of market-sized oysters from a 
reef as soon as possible will maximize harvest before natural mortality takes a significant 
portion of the crop.  

The oyster’s natural defenses against these pests include high fecundity, negative phototropism 
which causes setting oyster larvae to seek sheltered attachment spots on the underside of shell 
and other secluded niches where predation is difficult, and the chemical attraction of spat to 
existing reefs (the gregarious factor) where salinities mostly stay between 16 and 25 ppt.  This 
tends to reduce the incidence of predators and parasites (which are not abundant in lower 
salinities on a continuing basis). 

The most serious predator affecting successful oyster production is the oyster drill (Thais), a 
conch that has a life cycle that closely parallels that of the oyster in terms of the influence of 
temperature and salinity on successful reproduction and growth.  Reproduction is internal with 
fertilization occurring just prior to the laying of egg cases on hard substrate including oyster reef.  
Many egg cases can be laid, some on top of one another, several times in a breeding season.  
The veliger larvae develop in the egg cases and escape for a free swimming existence for 
several months before settling to the bottom and moving about the reef as juveniles to feed on 
mussels, spat, sea anemones, and mature oysters (general order of preference).  Drills can 
move across soft bottoms as well as the hard ones, and as many as half of the drills may lay 
buried in the mud between feeding activities.  Control of drills by removing them from the reef is 
largely impractical and labor intensive but is done on occasions when drills become so 
numerous as to seriously impact oyster production. 

Although the oyster drill is euryhaline and can acclimatize to regional salinities, it is effectively 
controlled by long periods of freshwater inflow and cold winters which immobilize or kill it.  The 
oyster drill does not normally develop destructive population levels on reefs where long-term 
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salinities are below 18 ppt, possibly because invasion is through settling larvae which are less 
tolerant to lower salinities than the adult. The drill is immobilized at salinities below 10 ppt and 
killed by salinities below 7 ppt (Galtsoff 1964) but populations survive these fresher conditions in 
refugia of the lower, saltier parts of the bays and the saltier waters of channel bottoms.  Oyster 
drills can always be found on oyster reefs and occasionally can pose a problem, but 
commercially damaging infestations of the oyster drill on reefs in Lavaca Bay are not considered 
to be a major recurring problem.  Massive collections of egg cases are not normally seen, and 
long-term impact on oyster harvest has not been attributed to activities of the drill.  Several 
seasons of drought could be expected to dramatically increase the amount of predation by drills. 

Of the many factors that stress or kill oysters, the most important one in years of normal 
freshwater inflow, and the one on which this impact analysis is principally focused, is infection 
by Dermo.  Tissue samples from three reefs in Lavaca Bay--Gallinipper, Indian Point, and North 
Reef—are routinely evaluated for the incidence and intensity of Dermo.  This information is 
available on the Dermo Watch website (Ray et al. Principal Investigators) for scientists and 
oystermen to make decisions about the status of disease on the reefs (Figure 3). 

Dermo is a spore-producing protistan which begins to show infective activity in the spring with 
rising salinities and water temperatures.  As salinity and temperature climbs above 20 ppt and 
20 degrees C, Dermo will begin to show infective levels (Powell et al. 1996).  The residual 
populations of Dermo surviving the winter will rapidly increase in intensity causing a spring die-
off.  The loss of these highly infected epizootics along with the advent of spring rains which 
dilute the number of infective cells combined with the setting of a young, healthy crop of spat will 
delay additional die-off until September or early October when temperatures and salinities have 
risen to high levels and the time to reach critical levels of infection is reduced from months to 
days.  Ray (1987) believes the greatest development of Dermo infection occurs at temperatures 
ranging from 25 degrees C to maximum summer temperatures.  The severity of the fall die-off 
will depend upon the length of time that temperatures remain high. 

The source of infection may come from over-wintering spores in the oyster or a new invasion of 
the oyster from waterborne spores which attack the epithelium of the digestive system.  
Infection normally begins at a focal point on the reef and spreads out slowly from host to host 
and even more slowly from reef to reef.  It is therefore possible to have healthy oysters next to 
heavily infected ones as the infection spreads.  The intensity of infection will depend upon the 
health of the oyster but more importantly the length of time until water temperatures consistently 
fall into the low 20’s in the fall when Dermo activity is retarded and the oyster can begin to 
slough off infective cells.  When temperatures drop to 18 degrees C, Dermo cells will decline in 
size and can be more effectively removed by oyster hemocytes.  The oyster will rebuild 
glycogen reserves and regain its health over the winter (Ray, pers. Comm.). 
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The influence of salinity on Dermo is interdependent with temperature, but must nevertheless be 
considered apart from temperature effects since a salinity increase is the principal impact of a 
larger channel and will need to be considered in an analysis of impacts.  To do this, oyster 
disease can be sampled across a set of reefs with different salinities, or samples can be taken 
over a number of years until a trend develops not accounted for by changing temperature.  
Studies through the years by Dr. Sammy Ray found that the incidence of infection with Dermo 
begins to rise sharply when water temperatures consistently exceed 20 degrees C.  Ray (1987) 
found that reefs in West Galveston Bay with salinities climbing above 25 ppt showed infection 
rates in market-sized oysters seldom dropping below 100 percent (in an area with an almost 
continuous epizootic population).  Hofstetter (1977) also found a general increase in infection 
with increasing salinity up to 25 ppt but data analysis seemed to indicate that, at even higher 
salinities, the prevalence of the parasite may be due to other factors.  There is a similar 
relationship between the lowering of salinity and the ability of the oyster to lose the infective 
agent.  This may, however, result from dilution of infective cells with increasing freshwater inflow 
(Mackin 1962).  In a study of Dermo along the Gulf of Mexico, Craig et al. (1989) found a 
positive correlation between salinity and the prevalence and intensity of infection but found that 
salinity alone explained only about 20 percent of the site-to-site variation in infection. 

Surveys of reef accretion in Galveston Bay over a 20-year interval did not reveal a clear trend 
with the prevailing salinity gradient over that time, although generally moderate salinity areas, 
on the average, accreted more new reef (Powell, et al. 1997).  In that study, other salinity 
regimes accreted or lost reef in different ways, and it was found that high productivity can occur 
in high salinity regions despite higher predator abundance and significantly higher prevalence 
and infection of Dermo at these sites.  The Fish and Wildlife Coordination Act Report on 
enlargement of the Houston Ship Channel (Glass et al. 1995) evaluated the findings of the 
oyster population dynamics model of Powell et al. (1997) and found that over the life of the 
project production declined on the more valuable reefs with a larger channel, but future changes 
in the amount and location of fresh water inflows were a more important factor affecting these 
reefs. 

It is reasonable to conclude that the combined effect of increasing salinities and temperatures 
will cause an increase in the incidence of Dermo until, at a sustained salinity above 25 ppt and 
summer temperatures above 25 degrees C, mortality can occur within a few days until the 
advent of cool weather in the fall.  The longer that the weather remains warm, the more 
damaging the disease will become. 
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4.0 The Oyster Fishery of Lavaca Bay 

Detailed mapping of the oyster reefs of Lavaca bay in 1915 (Moore and Danglade) found that 
there were more than 6,226 acres of dense oyster reef in the system.  Mapping done by Simons 
et al. (2005) shows that much of this reef was lost through the years (Figure 4), probably as a 
result of mud shell dredging in the 1960’s.  Today, new reef can be found north of the 
causeway, at the mouth of Keller Bay (Keller Bay was not mapped by Moore and Danglade) and 
along the channels in the bay where material was deposited during initial dredging.   Reef in the 
Lavaca Bay system totals about 3,249 acres or just more than half of what was present in 1915.  
Detailed bay-wide verification surveys by Simons et al. (2005), long term sampling by TPWD 
(records from the Science and Policy Resources field office), reef surveys along the Matagorda 
Ship Channel by PBS&J (2006), and shoreline reef surveys by Benchmark Ecological Services, 
Inc. (2006) provided information about the occurrence and density of oysters in the Lavaca Bay 
system. 

Commercial landings from the Lavaca Bay system will vary from year to year depending on 
devastation by heavy spring rains or tropical storms, droughts extending over several years, or 
commercial fishing pressure – influenced by participation, market price, fuel costs, and the 
availability of oysters elsewhere.  Reef may be growing in a harvest area that is conditionally 
closed for the season when coastal inflow elevates bacterial levels.  Productivity shifts from year 
to year, and landings of oyster meat in the system can fluctuate dramatically.  Between 1991 
and 2004, the overall Matagorda Bay system produced Texas landings from a low of about 
25,000 pounds of oysters per year to over 1,000,000 pounds annually.  Overall the Lavaca Bay 
system produces less than 5% of the oyster harvest along the Texas coast (the Galveston Bay 
system produces most of the oyster crop in Texas). 
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5.0 Salinity Modeling in Matagorda Bay 

Hydrodynamic and salinity models were run for the Matagorda Ship Channel to determine 
conditions without and with the project so that the influence of salinity on reef production could 
be determined. 

Salinity hydrographs and isohaline maps were developed for three flow conditions.  The first is 
low flow based upon critical inflows identified in the Freshwater Inflow Needs Study (2006) for 
the bay.  This requires a flow adequate to keep salinities at or below 25 ppt at the mouth of the 
Lavaca River.  This would represent a bay condition during a drought. 

The second is a high flow which was modeled using a large event with moderate recovery 
during the period August 1998 to February 1999.  This shows the salinity decline after large 
inputs of freshwater and the impact of reducing salinities below levels tolerated by oysters, 
parasites, and predators. 

The third is the median flow determined by evaluating USGS inflows in the Lavaca-Navidad 
river basin from 1941 to 2003 and flows in coastal basins derived from a distribution of flows 
from the FINS study.  This gives valuable information on average conditions in the bay useful for 
long term evaluation of salinity impacts. 

Significant changes in freshwater inflow from the Lavaca-Navidad River system are not 
expected for the foreseeable future (Texas Water Plan Summary for the Lavaca Regional 
Planning Area).  Population in the area will remain steady.  Groundwater provides 99 percent of 
the water needed for the Lavaca Regional Water Planning Area and will continue to do so 
throughout the 50-year planning horizon.  The only approved management strategy is to 
overdraft the Gulf Coast Aquifer to meet agricultural demand during drought.  Return flows 
under these conditions would benefit Lavaca Bay during low flows. 

Other planned water management strategies in nearby basins along the Texas Coast include 
the construction of Phase II Lake Texana in 2060 to supply water to Corpus Christi, and the 
interbasin transfer of water from the Colorado River across the Lavaca-Navidad River Basin to 
San Antonio (the SAWS water plan).  These were not considered in this report because they 
represent a future which will depend upon interbasin transfer law, availability of construction 
funds in competition with other planned water management strategies across Texas, and the 
outcome of freshwater inflow needs studies which will determine the amount of freshwater 
inflow needed to meet the fishery requirements of the bays at that time. 

8 

  Last Revised: 3/9/2007 



  Matagorda Ship Channel Improvement Project 
  Oyster Reef Impact Assessment DRAFT
6.0 Salinity Impacts From Channel Enlargement 

Any estimate of salinity impacts to oysters must begin with an understanding that, although 
salinity is considered to be a very important factor in oyster health since it controls important 
aspects of  the oyster’s physiology and helps to limit the activity of Dermo, there is an 
interdependent relationship with temperature and other non-environmental factors such as the:  

1. adequacy of current flow to remove silt and supply plankton for filter feeding; 
2. extent of crowding on an oyster reef by other oysters and competitors which also filter 

food from the water; 
3. number and intensity of droughts and killing freshwater inflow events; 
4. extent of attack from oyster predators which are adapted to salinity regimes suitable for 

the oyster, both those that attack spat and small oysters (e.g., blue crabs, mud crabs, 
and black drum) and those that drill into the shell cavity (Thais) or parasitize the oyster 
by sucking fluids from the exposed mantle (Boonea); and  

5. intensity of harvest on a reef dictated by non-biological factors like costs to conduct 
harvesting operations and the demand for commercial oysters from Lavaca Bay. 

This combination of circumstances confounds a clear relationship between salinity and the 
productivity of a reef, but must be dealt with in any predictive methodology to gage the salinity 
impact of a larger channel.  Using the output of the salinity models, the following conclusions 
were reached about how salinity affects the oyster reefs in Lavaca Bay. 

Evaluation of low flow conditions without and with enlargement of the Matagorda Ship Channel 
shows that salinities do not change in any meaningful way during a drought.  It is enough that 
they will remain very high for one or more years and oyster impacts would occur without or with 
an enlarged channel.  An extended drought could end much of the oyster harvest in Lavaca Bay 
due to oyster drill and Dermo damage until favorable inflows return.  The most important aspect 
of low flows is that they can occur at any time and at any frequency and will influence an 
analysis of salinity impacts in normal years in ways that cannot be predicted. 

Evaluation of high flow conditions show the impact at the other extreme when the Lavaca River 
and one or more coastal basins are dumping large amounts of fresh water into the bay and 
dropping salinities below 5 ppt for a week or more.  Salinity modeling looked at cool weather 
inflows and showed that salinities can fall to critical levels in Lavaca Bay for many weeks at a 
time, beyond the ability of an oyster to close, cease filtration, and live off of stored reserves.  
High inflows during spring freshets and tropical storms during warmer weather would kill oysters 
within a few days.  Under such extremes of flow, the larger channel does little to change 
salinities or cause impacts to the oyster. 
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During normal years, as depicted by the median inflow event, existing salinities during the 
summer on most of the oyster reefs in the Lavaca Bay system range from 16 to 25 ppt.  The 
reef complex along the causeway is always below 20 ppt.  The reef at Indian Point is regularly 
bathed in water with salinities higher than 25 ppt.  The six-month average is shown in Figure 5.   
These salinities will actually oscillate on a daily basis by as much as 5 ppt.  The evaluation 
method which was used for a salinity impact analysis embodies the concept that a larger 
channel would increase salinities on oyster reef in the system and cause losses to productivity.  
Losses from mortality would occur in the fall during years when temperatures are delayed by 
two or more weeks allowing Dermo to increase rapidly to critical levels and kill a larger 
percentage of the oysters on a reef.  Sublethal impacts would also be expected during the 
summer months when project-induced salinities promote the growth of Dermo and reduce the 
size of oysters surviving until fall. 
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7.0 Evaluation of Losses to Oyster Production 

In order to evaluate impacts to productivity from a larger channel, a relationship needs to be 
established between production (the amount of oyster meat produced) and the acreage of reef 
producing these oysters.  After spat set, the oyster grows rapidly, producing mostly somatic 
weight in the first two years.  By the end of the second year the oyster has reached a 
commercial size.  Copeland and Hoese (1966) found in a study of oysters from the Aransas Bay 
area that an oyster can increase in weight a thousand-fold from spat set to a length of 70 mm 
(commercial oysters are 76 mm in length) and would weigh approximately 7 gm.  Actual weight 
at any particular time is influenced by spring spawning activity of the oyster, weight gain in the 
winter when oysters do much better against predators and parasites, and the condition of the 
oyster due to disease and environmental conditions (an oyster in good condition will occupy 
more of the volume within the shell).  A logical method to evaluate productivity is to base an 
analysis on the conclusion that, although variability exists, over the entire season oyster 
production can be correlated with the area of producing reef.  For this analysis, production was 
considered to be correlated with reef area.  Mitigation developed for the project involves the 
construction of new reef acreage expected to have the same overall production as existing reefs 
in the bay system.  It is important to note that the analysis is concerned with net productivity on 
a reef (both existing reef and reef used for mitigation) after stresses and natural mortality have 
reduced the amount of oyster meat found on the reef.  This standard allows us to compensate 
with replacement reef based on net changes expressed in acres. 

Increases in oyster mortality with the project would occur in areas of the bay influenced by 
salinities higher than 25 ppt in September (Figure 6).  Sampling data from the Texas Parks and 
Wildlife Department and Simons et al. (2005) show that the 25 ppt isohaline would encompass 
about 2000.6 acres of oyster reef including large named reefs, the string of reefs along the 
channels, several patch reefs in shallow water, and the many small reefs along the shoreline of 
the bay system.  Shoreline reef had to be estimated based on sampling of reef in Cox Bay by 
Benchmark Environmental Services Inc (2006).  This study found 8 small reefs along a 300-foot 
length of shore totaling about 0.8 acres.  This size and distribution of these reefs were used to 
extrapolate shoreline acreage contributed by all shoreline areas around the bay. 

There are also large portions of the bay designated in Figure 6 as scattered shell.  Scattered 
shell is loose shell distributed by oystermen and storm damage over the bay bottom or shell 
remnants too small to be designated as reef.  Field sampling data used to verify the assigned 
classification showed that these areas have few, if any, live oysters and most have no shell at 
all (Simons et al. 2005).  TPWD sampling data confirms that the areas of scattered shell have 
almost no live oysters.  There is the additional problem of quantifying scattered shell acreage for 
analysis; i.e., what surface area is shell and what is soft bay bottom.  Oysters found in areas of 
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scattered shell are not likely to be infected by Dermo.  Dermo is a proximity disease proliferating 
from enzootic areas; therefore, scattered oyster shell strewn across the bay would not normally 
be impacted in any discernible way by this disease.  The number of live oysters is also small 
enough that sublethal impacts would not be significant. These areas of scattered shell do not 
support oysters at sufficient density to be impacted by the project, and are therefore not 
considered in this analysis. 

The death of an oyster in the fall would mean that it could not be harvested but would instead be 
eaten by scavengers such as xanthid and blue crabs.  The biomass accumulated by these 
oysters during the year would not be lost but instead shifted in the food web from reef 
productivity to epibenthic productivity.  The significant commercial impact would be the loss of 
adults normally harvested by the oystermen during the winter season when most commercial 
oysters are taken.  The significant ecological impact would be the death of oysters which would 
have survived the winter and continued to grow the following year.  Oysters surviving to the next 
year would be impacted by droughts, floods, high natural mortality and harvest of two-year old 
and larger oysters during the following commercial season.  Spat set would replace losses and 
produce a new crop of young-of-the-year oysters. 

There was concern that the death of oysters caused by project-induced salinities would promote 
the spread of Dermo by crabs or ectoparasites, since infective cells survive decomposition when 
passing through the gut of these species.  However, there is general agreement that Dermo is 
spread primarily by large numbers of infective cells moving from host to host, and transmissions 
by vectors is probably not significant.  This is born out by the confined nature of enzootic 
infections and the slow spread of the disease from oyster to oyster and even slower from reef to 
reef. 

An increase in oyster mortality caused by the project was evaluated using the following 
information about salinity and temperature (see Figure 7).  Ray (pers. comm.) concluded that 
the increase in salinity with the project would exacerbate the infection of Dermo in oysters and 
would show a noticeable loss in productivity which could range from 10 to 40 percent in those 
years when the advent of cool weather is delayed by two or more weeks.  An average of 25 
percent (0.25) was used for the analysis.  The time to critical level of infection becomes shorter 
as the season progresses and the number of infective spores rises in the host oyster (Soniat 
and Kortright 1998).  Comparing this to field studies shows that at a salinity of 25 ppt when the 
water temperature is above 25 degrees C, lethal infection can occur in days rather than weeks, 
so the length of time that the weather remains warm is of critical importance. Once the 
temperatures drop into the low 20’s, sometime in October or early November, Dermo will not 
continue to cause problems with oyster survival.  A temperature of 23 degrees C was selected 
to test the influence of cooling temperatures on Dermo infection.  An analysis of DermoWatch 
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data for Indian Point Reef, Gallinipper Reef, and Sammy’s Reef was done to test whether or not 
juvenile weighted incidence of infection decreased after the water temperature dropped below 
23 degrees C.  The average juvenile weighted incidence of infection was significantly higher in 
the sampling date immediately before the temperature dropped below 23 degrees C than after 
(Table 1).  Adult weighted incidence was not used because there was concern that harvest 
activity in November would bias the results; nevertheless, adult declines in Dermo respond 
similarly to falling temperatures. 

To determine how often cool weather is delayed, continuous temperature data for the fall in 
Lavaca Bay was evaluated.  Since only 10 years of actual water temperature data were 
available, a comparison was made between water and air temperature over the last 50 years to 
expand the data set.  Water temperature closely follows air temperature (Figure 8) such that an 
air temperature of 26.4 degrees C yields a water temperature of 23 degrees C, below which 
Dermo will not continue to grow in intensity.  A delay in reaching this temperature by two weeks 
or more occurs 15 percent (0.15) of the time.  Comparative evaluations using 21 and 22 
degrees C yielded essentially the same results: the delay in reaching the specified temperature 
by two weeks or more compared to the average occurred from 14% to 16% of the years. This is 
what one would expect since the arrival of the first cool fronts can drop temperatures sharply. 

Analysis of salinity impacts on oyster mortality found that increased salinities with the project 
(Figure 9) would result in losses from Dermo mortality equivalent to 75.0 acres.  These losses 
would be replaced in the mitigation plan for the project.  Reef will be located in an area which is 
readily available to commercial oystermen, and in an area where salinity impacts are expected 
to be minimal.  The created reef will replace the socioeconomic losses to commercial harvest 
and the ecological losses to all oysters. 

There is concern that global warming would influence the impacts of higher salinities with the 
project.  Temperatures have steadily risen in Texas since about 1978 reaching the long term 
temperature average in 1990 and continuing to rise steadily since then.  Global warming can 
have several impacts: causing milder winters, more frequent droughts, more frequent tropical 
storms, and hotter summers.  The effects of the first three impacts on oysters will not be 
significantly changed by the project-induced salinity increase.  Milder winters would result in 
better over-winter survival of Dermo and cause more severe spring die-offs of oysters.  These 
spring die-offs would occur before the project could influence salinities (meaningful salinity 
increases start in mid-July).  Frequent droughts would create a number of problems for oysters, 
but there would be no salinity rise with the project during droughts.  Frequent tropical storms 
would physically damage oyster reefs and drop salinities below 5 ppt for a week or more.  This 
would kill most oysters on a reef.  Project-induced salinity increases during these events would 
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be beneficial; unfortunately, the larger channel is not expected to have any meaningful influence 
on salinities during tropical storms. 

Salinity rises during hotter summers would work with increased temperatures to cause an 
increase in the infection intensity of Dermo starting about mid-July.  The relationship between 
these two factors in the future is not known.  Temperature would certainly have a more 
significant influence.  Analysis of existing data shows that the warming trend experienced so far 
has not changed the frequency of years in which there is a delay in fall cooling.  To examine this 
effect, the frequency analysis described above for the 50 year data set was repeated for the 
past 10, 20, 30, and 40 years of air temperature data.  In each case the date at which water 
temperature was estimated to drop below 23 degrees C was compared to the 50-year average.  
For the 10, 20, and 30-year data sets a delay of 2 weeks or more compared to the average was 
found 10 percent of the time; in the 40-year data set the delay occurred 15 percent of the time.  
So, although average temperatures have increased over the past 20 years (especially in the 
past 10) the date that the water temperature drops below 23 degrees C has not been delayed 
more frequently.  Additional analysis of impacts using global warming could not be made. 

Sublethal impacts to the health and growth rate of the oyster from higher salinities is difficult to 
gage.  Several methods available are: 

1. the use of intensity of infection on a reef as a surrogate for oyster health; 
2. evaluation of data looking at the condition index for oysters in different salinity regimes; 

and  
3. the use of a population dynamics model to evaluate respiration and growth impacts from 

higher salinities. 

DermoWatch data was used to compare temperature and salinity influences on the weighted 
incidence of infected juvenile oysters (commercial oysters were not used because harvest 
would interfere with measurements of disease levels from year to year).  The analysis looked at 
Indian Point Reef which had the most data and is found in the highest salinities for Lavaca Bay.  
Temperature was found to correlate well with a higher weighted incidence of disease (Figure 
10).  A correlation with salinity alone could not be found, although the combined affect of 
temperature and salinity showed a trend of increasing infection.  From this evaluation, a 
sublethal impact from salinity could not be found either because the data was insufficient or the 
incidence of infection is responding to other factors not considered (existing epizootics, lack of 
food, mild winters, etc.). 

The condition index for oysters compares the dry weight of the oyster with the volume of the 
mantle cavity to determine if the oyster is losing weight from its original size in the shell.  This is 
used to gage health but does not address the natural loss of weight after spawning.  Paynter 
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(1996) reviewed work using the condition index to measure the effects of Dermo and found that 
many studies show a negative correlation between condition index and Dermo infection.  Other 
studies found no relationship.  This is an expensive and time-consuming process so the 
accumulation of large amounts of data is not practical.  Given the influence of spawning on the 
condition of the oyster, the variability in results of studies, and lack of data which is detailed 
enough to reach conclusions about quantitative impacts, the salinity impact analysis for this 
study did not use condition for determining sublethal impacts. 

Several population dynamics models are being developed to account for all of the factors that 
affect oysters.   The value of these models to predict salinity impacts to oysters depends upon 
the collection of adequate biological field data, replication using a variety of starting points for 
running the model, and the ability to integrate physical parameters like salinity and temperature 
into the model at a scale detailed enough to calculate losses from a defined area.  Work by 
Choi, et al. (1989) demonstrated that Dermo increases geometrically along the infection scale 
used in DermoWatch and that energy loss to oysters from infection ranges from 1 to 10 percent 
depending upon the size of the oyster and degree of infection.  The authors concluded that 
approximately 5 percent of the energy otherwise available for growth and reproduction is 
consumed by Dermo in most size classes of oysters with moderately heavy to heavy infections. 
Only a few oysters showed a loss greater than 5 percent.  These were typically large oysters or 
those heavily infected and expected to be lost in the fall die-off.   

An analysis of sublethal impacts used the 5 percent loss of net productivity from the Choi, et al. 
study (1989) and applied it to the acres of reef exposed to salinities above 20 ppt in September 
(Figure 6).  This is the salinity at which Dermo starts to show incidence of infection.  Sublethal 
impacts were calculated by assigning a project impact of 25 percent (0.25) comparable to 
mortality losses to production. This yielded an additional 27.6 acres of lost productivity with the 
project (Figure 7).  This loss will be included in the mitigation acreage for the project.  An 
additional 3.1 acres will also be included to account for sublethal productivity losses occurring 
on the mitigation reefs themselves (mitigation acreage multiplied by magnitude of losses in 
productivity from the project; as in Figure 7).  

There would be a number of positive benefits from the project. An enlarged channel, as did the 
larger channel in Galveston Bay, would have a beneficial impact on oyster reef up-bay and 
closer to sources of fresh water by providing a stabilizing influence against high or irregular 
inflow.  This is expected to promote the health of reef north of State Highway 35.  The project 
would protect Keller Bay from a breach into Matagorda Bay which would increase salinities and 
impact the reef in this bay. Confinement of dredged material in Lavaca Bay would reduce 
siltation and facilitate plankton blooms which provide food for the oyster and maintain the health 
of the system.  Additional stiff clay from new work dredging will be available and will be used to 
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create 44.1 acres of reef beyond what is required for mitigation.  These reefs were not 
calculated or included in the quantitative analysis of impacts.  
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8.0 Conclusions 

The assessed impacts to oyster reefs as an effect of the project are: 

• 75.0 acres of loss from mortality in the fall; 

• 27.6 acres of loss from sublethal impacts on growth in the summer;  

• 3.1 acres of losses from sublethal impacts on mitigation reefs; and  

• 148.2 acres of loss from direct impacts to oyster reefs from the project (not described in 
this document, see URS 2006). 

These losses total 253.9 acres of mitigation required for direct and indirect impacts from the 
project.  Losses would be replaced with new reef located above the 25 ppt impact zone in an 
area convenient to commercial oystermen as shown in Figure 6.  The loss of productivity due to 
salinity on the mitigation reefs is expected to be minimal since salinities at the new reef would 
remain below 20 ppt until August.  This area is considered ideal since it is in an area where 
circulation is high, siltation is low, and the bay is deep enough for oyster boats.     

The mitigation to be provided is considered more than adequate for a number of reasons.  All 
reef in the impact area has been evaluated using worst-case salinity scenarios.  The 20 ppt 
isohaline in September was used to calculate reef subject to sublethal impacts when in actuality 
this line only extends northward to the causeway reefs in late August and September leaving 
these reefs, and the proposed mitigation reefs, safe from Dermo over most of the growing 
season.  In addition, sublethal impacts often become lethal impacts at the end of the year, so 
double counting of sublethal and lethal impacts in the fall may be occurring.  An additional 44.1 
acres of reef beyond the requirements outlined above are provided using available stiff clay.  

It is clear and undisputed that the combined effects of rising salinities and temperatures have a 
significant control over the intensity of Dermo.  Many scientific reports evaluating temperature 
and salinity impacts on oysters have found that these environmental factors work together to 
determine the health and survivorship of the oyster.  For this reason the evaluation focused on 
conditions at the end of the year when high salinities and temperatures combined to kill the 
oyster.  Other adverse factors like shortage of food, predators, fouling organisms, and excessive 
silt have an equally important impact on the productivity of the oyster.  Confining dredged 
material in Lavaca Bay with the project will improve water quality in the bay and help the oyster 
to expend energy on growth and reproduction rather than fighting siltation and shortages of 
food. 
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Oyster reefs are dynamic structures and, over decades to ten’s of decades, they will shift with 
changing conditions of favorability.  This process can be improved dramatically by creating new 
reefs where shifts to favorable salinities are predicted to occur.  Mitigation reef proposed for this 
project will be located in an area with high currents and adequate salinities.  The project will be 
replacing losses to scattered non-commercial reef with large reef easily accessible to the 
oysterman.   
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Figure 1. Texas Parks and Wildlife Department Oyster sampling sites for Matagorda Bay from 1986 to 2006 
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Figure 2. Oyster reef mapping of Lavaca Bay (from Simons et al. 2005). 
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Date 
Collected 

Temperature 
(Celsius) 

Salinity 
(ppt) 

Juvenile 
Percent 
Infection

Juvenile 
Weighted 
Incidence 

Commercial 
Percent 
Infection 

Commercial 
Weighted 
Incidence 

12/28/2004 11.8 18.7 33.33% 0.31 20.00% 0.26 

11/29/2004 20.1 3.1 33.33% 0.22 40.00% 0.53 

10/19/2004 26.3 20.9 40.00% 0.26 73.33% 1.11 

9/14/2004 29.1 25.4 60.00% 1.77 46.66% 1.06 

8/9/2004 30.8 18.3 53.33% 0.91 53.33% 1.28 

7/13/2004 30.4 6 53.33% 0.6 60.00% 0.95 

              

Weighted Incidence values: 

< 1 = below threshold of mortality 

1-2 = disease levels of concern 

> 2 = hot spot that is likely to cause significant mortality 

 

 

Figure 3. DermoWatch sampling sites and an example of data from Indian Point Reef 
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Figure 4. Growth trends for oyster reefs in Lavaca Bay (from Simons et al. 2005). 
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Figure 5. Salinity conditions for the growing season without the project.
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Figure 6. Isohalines in the bay system in September with the project.
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Figure 8.  Relationship between maximum daily air temperature and average daily water 

temperature in Lavaca Bay. The top graph represents data from September to January for each 
year from 1996 to 2006. The bottom graph represents how air and water temperature are 

related over time; the graph is an example from fall of 1997.
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Figure 9.  Hydrographs of historical median salinities in Lavaca and Keller Bays. 
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ure 10.  (a.) Graphs of temperature and juvenile weighted incidence of Dermo infection at 
ian Point Reef from January 2004 to November 2006. (b. and c.) Correlations of juvenile 
rmo weighted incidence to temperature (b.) and salinity (c.) at Indian Point from January 

04 to November 2006. There is a statistically significant relationship between temperature 
d Dermo weighted incidence (R2 = 0.22; p < 0.05), but no significant relationship between 

salinity and Dermo weighted incidence (R2 = 0.02; p > 0.45). 
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  Before 10-18 After 10-18 

  

Between 9-13 

and 9-27 

Between 10-19 

and 11-4 

Indian Point 2004 1.77 0.26 

Indian Point 2006 0.80 0.56 

Gallinipper Reef 2004 1.31 0.45 

Gallinipper Reef 2006 0.53 0.90 

Sammy's Reef 2003 1.44 0.84 

Sammy's Reef 2004 1.20 0.04 

Sammy's Reef 2006 2.89 0.46 

Average1 1.42 0.50 

      
1 paired t-test for means, p-value < 0.05 

    

 
 

Table 1. Juvenile weighted incidence of Dermo infection in Matagorda Bay reefs, before and 

after the average date at which the water temperature drops below 23 degrees C. 
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1.0 INTRODUCTION 

1.1 PURPOSE OF THE BIOLOGICAL ASSESSMENT 

This Biological Assessment (BA) is being prepared to fulfill the U.S. Army Corps of Engineer’s 
(USACE) requirements as outlined under Section 7(c) of the Endangered Species Act (ESA) of 1973, as 
amended. The proposed Federal action (project) requiring the assessment is the widening and deepening 
of the Matagorda Ship Channel (MSC) in Calhoun County, Texas. Details of the proposed project are 
provided in Section 1.4. This BA evaluates the potential impacts the project may have on Federally listed 
endangered and threatened species. Table 1 presents a list of Federally listed endangered and threatened 
species that are addressed in this BA.  

TABLE 1 
ENDANGERED AND THREATENED WILDLIFE SPECIES OF POSSIBLE OCCURRENCE  

IN MATAGORDA AND CALHOUN COUNTIES, TEXAS1 

 Status3 

Common Name2 Scientific Name2 
FWS/ 
NOAA TPWD 

BIRDS    
Whooping crane Grus americana E E 
Brown pelican Pelecanus occidentalis E E 
Bald eagle Haliaeetus leucocephalus T (PDL) T 
Piping plover Charadrius melodus T T 
MAMMALS    
Blue whale Balaenoptera musculus E E 
Finback whale Balaenoptera physalus E E 
Humpback whale Megaptera novaengliae E E 
Sei whale Balaenoptera borealis E E 
Sperm whale Physeter macrocephalus E E 
REPTILES    
Kemp’s ridley sea turtle Lepidochelys kempii E E 
Hawksbill sea turtle Eretmochelys imbricata E w/CH E 
Leatherback sea turtle Dermochelys coriacea E w/CH E 
Green sea turtle Chelonia mydas T w/CH T 
Loggerhead sea turtle Caretta caretta T T 
FISH    
Gulf sturgeon Acipenser oxyrinchus desotoi T T 
1According to U.S. Fish and Wildlife Service and Natural Diversity Database (NDD, 2006a, 2006b). 
2Nomenclature and taxonomic orders follow American Ornithologists’ Union (AOU, 1998, 2000, 2002, 2003, 2004, and 2005), 
Crother et al. (2000, 2001, and 2003), Baker et al. (2003), FWS (2003, 2004), and NDD (2006c). 
3E – Endangered; T – Threatened; DL – Federally delisted; PDL – Proposed for delisting; NL – Not listed; CH – Critical habitat; T/SA 
– Threatened by similarity of appearance. 

For the purposes of the BA, we define the “project area” as those areas that will be directly affected by 
construction of the proposed project. This includes the proposed dredging footprint, existing and proposed 
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placement areas identified in the Dredged Material Management Plan (DMMP), DMMP restoration and 
nourishment areas, and mitigation areas (Figure 1). 

The “Study area” includes a larger area for which environmental affects of the proposed project have been 
analyzed (Figure 2). The Study area encompasses a larger area that contains the smaller project area, and 
includes a 10-mile radius into the Gulf of Mexico (Gulf) from the end of the entrance channel. 

This BA is being prepared to assist the U.S. Fish and Wildlife Service (FWS) and National Marine 
Fisheries Service (NMFS) personnel in fulfilling their obligations under the ESA. An Environmental 
Impact Statement (EIS), to which this BA is attached as an appendix, is being prepared to address the 
impacts of the project. 

1.2 ALTERNATIVES CONSIDERED 

This section discusses alternatives considered during the preparation of the EIS. While alternate sites 
might be considered alternatives for some projects that address a national or statewide-need, such is not 
the case for this project. The alternatives addressed were channel widening alternatives and dredged 
material placement alternatives at the project location. The No-Action alternative always remains an 
alternative to the proposed action. 

The purpose of the proposed project is to improve the deep-draft transport of commerce on the MSC. The 
current channel is economically inefficient, with up to 90% of vessels calling at the Port reported to be 
light-loaded due to draft limitations of the present channel configuration. By expanding the MSC 
dimensions and associated turning basin and marine slips, cargo vessels could reduce or eliminate light-
loading measures and larger cargo vessels unable to transit the current channel configuration could call on 
the Port. The channel improvements would reduce transportation costs for existing commodities, which 
are crucial to the regional economy. Because the existing turning basin at 1,000 feet (ft) by 1,000 ft may 
be deepened but cannot be expanded to accommodate the larger vessels, Calhoun County Navigation 
District (CCND) proposes to construct a new turning basin at the intersection of the MSC and Alcoa 
Channel to accommodate larger vessels that would be able to call on the Port. In addition, a wider channel 
would potentially allow for two-way traffic of smaller vessels during periods of increased transits. 

1.2.1 Channel Improvement Alternatives 

Identification of reasonable alternatives for channel improvements began with identifying actions that 
would meet the stated need for the project and comparing them to one-another by assessing the benefits 
and consequences of each alternative to the human and natural environment. Thus, a set of basic criteria 
are formulated against which potential project impacts were evaluated. An evaluation framework was 
developed to measure, quantify, and report impacts from each alternative using the established criteria.  
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These criteria are generally derived from water resource planning guidance of the USACE and are 
described in terms of technical and environmental perspectives. 

Technical criteria developed for alternative formulation and evaluation were based on maximizing the 
navigational attributes of the waterway for commercial vessel transportation in a manner that would 
achieve the stated purpose and need of the project and is determined as the least environmentally 
damaging practicable alternative. The general environmental criteria for navigation projects are to assure 
that care be taken to preserve and protect significant ecological, aesthetic, and cultural values, and to 
conserve natural resources. Particular emphasis was placed on the following: 

• Protection and preservation of the existing fish and wildlife resources along with the protection 
and preservation of estuaries and wetland habitats and water quality and improvement of these 
resources through beneficial use of dredged material; 

• Consideration in the project design of the least disruptive construction techniques and methods; 

• Mitigation for project-related unavoidable impacts by minimizing, rectifying, reducing or 
eliminating, compensating, replacing, or substituting resources; and 

• Preservation of significant historical and archeological resources through avoidance of effects. 
This is the preferable action to any other form of mitigation since these are finite, nonrenewable 
resources. 

Five structural channel improvement alternatives were developed and evaluated using the technical and 
environmental criteria described above (Table 2).  

TABLE 2 
STRUCTURAL CHANNEL IMPROVEMENT ALTERNATIVES EVALUATED  

FOR THE MSC IMPROVEMENT PROJECT 

 
Turning Basin/Main/ 

Bay Channel  Entrance Channel  Dredge Volume 
Alternative No. Depth (ft) 1 Width (ft)  Depth (ft) 2 Width (ft)  Total (mcy*) 

No Action 36 200  38 300  0 
1989 Recon 42 200  44 300  12.50 

1 40 350  42 450  28.14 
2 42 350  44 450  33.27 
3 44 400  46 600  46.50 
4 51 400  53 500  60.81 

*mcy = million cubic yards. 
1 Project depth without 2 ft of advance maintenance and 2 ft of allowable over depth. 
2 Project depth without 3 ft of advance maintenance and 2 ft of allowable over depth. 

Screening efforts were guided by results from maneuvering simulations completed using a post-Panamax 
class vessel with a length over all (LOA) of 1,115 ft, a beam of 168 ft, and a 39.4 ft draft. Simulation runs 
on the MSC were completed under multiple meteorological and hydrographic variables to screen for 
critical channel conditions and to develop optimal channel geometry. 
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1.2.2 Dredged Material Placement Alternatives 

The proposed action and other alternatives would require placement of construction and maintenance 
dredged material. The quantity of dredged material removed from the MSC would vary by alternative and 
the mix of placement areas would primarily distinguish the placement alternatives, along with the types of 
dredging equipment capable of constructing the improvements. 

Thus, a range of dredged material placement alternatives was also considered, including confined upland 
placement, beneficial use, confined in-water, unconfined in-water, and ocean placement. In the interest of 
meeting the project purpose and need while minimizing and mitigating for environmental impacts, the 
project applicant and USACE met with representatives of several State and Federal resource agencies to 
develop a DMMP/ Beneficial Use (BU) Plan. Work Group participants included representatives from the 
following State and Federal agencies: 

• Texas Commission on Environmental Quality (TCEQ); 

• Texas General Land Office (GLO); 

• Texas Parks and Wildlife Department (TPWD); 

• National Marine Fisheries Service (NMFS); and 

• U.S. Fish and Wildlife Service (FWS). 

1.2.3 No-Action Alternative 

The No-Action alternative for this project is one which would result in no construction requiring a 
USACE permit. Since the proposed project requires dredging activities in navigable waters, it could not 
be construction without a permit from the USACE. Thus, the No-Action alternative is equivalent to 
USACE denial of the permit for proposed improvements to the MSC. In the event of permit denial, the 
channel would not be improved. 

1.2.4 Proposed Alternative 

Proposed improvements to the MSC would entail deepening the In-Bay Channel from -36 ft mean low 
tide (MLT) to -44 ft MLT, with 2 ft of advance maintenance and 2 ft of allowable overdepth. The In-Bay 
Channel would be widened from its existing width of 200 ft to a proposed width of 400 ft. The Entrance 
Channel would deepen from -38 ft MLT to -46 ft MLT, with 3 ft of advance maintenance and 2 ft of 
allowable overdepth. The Entrance Channel width is proposed to be modified from 300 to 600 ft. In 
addition, a new turning basin would be constructed to allow for a ship turning circle of 1,650 ft, at a depth 
of -44 ft MLT, with 2 ft of advance maintenance and 2 ft of allowable overdepth. Approximately 46.5 
mcy of new work material would be generated upon initial construction and 257.5 mcy of maintenance 
material would be generated over a period of 50 years after construction of the improvement project. 

The proposed DMMP entails features that will utilize new work and maintenance dredged material to:  
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1. create an in-bay upland site (PA A1) located south of the Port at the existing USACE in-bay 
dredged material PAs 18 and 19 with 3.3 mcy of new work material and 45.1 mcy of future 
maintenance material;  

2. create a combination upland and marsh site (PA A2) along the northern shore of Cox Bay to 
eliminate future erosion in this area with 6.3 mcy of new work material;  

3. create a clay core oyster reef (PAs OR1 and OR2) within Lavaca Bay with approximately 
1.0 mcy of new work material;  

4. provide nourishment (PAs BN1, BN2, and BN3) on public beaches along the Magnolia-
Indianola shoreline with 1.9 mcy of new work material;  

5. create an in-bay upland site (PA D) adjacent to the southwest side of the existing Dredge Island 
with 1.6 mcy of new work material and 14.8 mcy of maintenance material;  

6. place submerged cap and create oyster reefs on (PA ER1) bottom sediments contaminated with 
elevated levels of mercury within Lavaca Bay southwest of Dredge Island with 0.4 mcy of new 
work stiff clay material, creating oyster reefs on the mounded caps;  

7. cap in situ bottom sediments contaminated with elevated levels of mercury located in shallow 
waters along SH 35 and then create an upland site (PA ER2) with 2.1 mcy of new work 
material and 6.9 mcy of future maintenance material;  

8. cap in situ bottom sediments contaminated with elevated levels of mercury located on the 
northern edge of Dredge Island and then create a transitional marsh and upland site (PA ER3) 
with 2.3 mcy of new work material and 13.2 mcy of future maintenance material;  

9. protect the eroding shoreline at Sand Point by constructing armored earthen levees and in-bay 
marshes (PA G) with 4.7 mcy of new work material, and 0.4 mcy of in situ material;  

10. create a terrestrial upland placement site (PA P1) located immediately south of Alamo Beach 
on agriculture lands with 1.0 mcy of new work material and 55 mcy of future maintenance;  

11. place 108.9 mcy of future maintenance material in existing in-bay unconfined placement areas 
(PAs 5 to PA 12) located northeast of the MSC;  

12. create a multi-use habitat site (PA H4) located north of Port O’Conner along the MSC to 
include marshes, submerged aquatic platforms, and bird island with 10.0 mcy of new work 
material;  

13. place 13.6 mcy of future maintenance material from the MSC Entrance Channel at the existing 
Matagorda ODMDS (PA 1) located 2 miles offshore from the Matagorda Peninsula and 
1,000 ft south of the MSC Entrance Channel centerline; and 

14. place 8.8 mcy of new work soft clay material from the MSC In-Bay Channel and 3.2 mcy of 
new work mixed material from the MSC Entrance Channel at a proposed ODMDS site (PA O5) 
located approximately 3 miles offshore from the Matagorda Peninsula and 1,000 ft south of the 
MSC Entrance Channel centerline. 

The PAs proposed in the DMMP are shown in Figure 1 and impacts are summarized in Table 3. 
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1.3 PROJECT AREA HABITAT DESCRIPTION 

The study area (see Figure 2) is located in the Gulf Prairies and Marshes Ecological Region as described 
by Gould et al. (1960). This Eco-region spans the Texas coastline, extending 30 to 80 miles inland. 
Elevations range from sea level to approximately 250 ft. The Gulf Marshes are low, wet areas with 
salinities ranging from fresh to saline. Submerged aquatic vegetation (SAV), including seagrasses, grow 
in open water areas and are also considered wetland.  

The Gulf Prairies are primarily uplands, dominated by tallgrass and post oak savannah. However, woody 
encroachment by trees and scrub species, including Chinese tallow (Sapium sebiferum), mesquite 
(Prosopis glanduosa), huisache (Acacia farnesiana), and oaks (Quercus sp.) (Hatch et al., 1990), plus 
agricultural and urban development have modified much of the coastline.  

The project area is located in the Texas Biotic Province as described by Blair (1950). This province 
represents a transitional area between the forested Austroriparian Province to the east and grassland 
provinces to the west. The integration of forests and grasslands results in a mixture of vertebrate species 
typical of the two habitats. Blair (1950) identifies 23 amphibians known to occur in the Texan province, 
including 18 anurans (frogs and toads) and 5 caudates (salamanders and newts).  

Matagorda Bay is the third largest estuary on the Texas coast, encompassing 420 square miles and having 
an average depth of 6.5 ft (Armstrong et al., 1987; U.S. Environmental Protection Agency, 1999). The 
system includes Lavaca, East Matagorda, Keller, Carancahua, and Tres Palacios bays (see Figure 2). 
Open water areas include the unvegetated, bottom portion (excluding hard substrates such as oyster reefs) 
of the subtidal estuarine environment. Open water habitats support communities of benthic organisms and 
corresponding fisheries populations. 
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Ship 
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Onshore 
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Area
Total Area 

(acres)
Acreage Impacted 574.78 213 129.22
Acreage Created 917
Acreage Impacted 530
Acreage Created 530
Acreage Impacted 259.25 0.75
Acreage Created 140 120
Acreage Impacted 125
Acreage Created 125
Acreage Impacted 251.54 3.4 0.66 18.6
Acreage Created 260 7.1 7.1
Acreage Impacted 126
Acreage Created 63 63
Acreage Impacted 174 3.4 0.6
Acreage Created 167.8 10.2
Acreage Impacted 184.5 40 1.6 17 9.4
Acreage Created 5.2 201 30.25 16.05
Acreage Impacted 332
Acreage Created 12 320
Acreage Impacted 21.8
Acreage Created 9.2 12.6
Acreage Impacted 470
Acreage Created 20 100 325 25
Acreage Impacted 1600
Acreage Created 1600
Acreage Impacted 235
Acreage Created 235
Acreage Impacted 700
Acreage Created 700
Acreage Impacted 453
Acreage Created 453
Acreage Impacted 1350
Acreage Created 1350
Acreage Impacted 4149.4 484.5 2266.0 40.0 8.4 148.2 0.0 0.0 0.0 0.0 0.0 28.0 700.0 0.0
Acreage Created 77.4 0.0 0.0 1343.4 587.6 298.0 325.0 125.0 25.0 3403.0 917.0 23.2 0.0 700.0

1Marsh habitat acreage created will be Spartina alterniflora near mean sea level.
2High marsh areas have infrequent tidal flooding, acreage created they will be dominated by Spartina patens .
3Includes active placement areas PA18 and PA19.
4Area D oyster reef area and Area ER2 marsh and oyster reef areas estimated using aerial photos.
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2.0 STATUS OF THE LISTED SPECIES 

To assess the potential impacts of the proposed project on endangered and threatened species, PBS&J 
personnel: (1) conducted a literature review and searched for other scientific data to determine species 
distributions, habitat needs, and other biological requirements; and (2) interviewed recognized experts on 
the listed species, including local and regional authorities and Federal and State wildlife personnel. 

Significant literature sources consulted for this report include the FWS series on endangered species of 
the seacoast of the U.S. (National Fish and Wildlife Laboratories [NFWL], 1980), Federal status reports 
and recovery plans, job reports of the Texas Parks and Wildlife Department (TPWD), peer-reviewed 
journals, and other standard references. Habitat assessments were initially based on aerial photography 
and National Wetlands Inventory (NWI) mapping and then field verified. Field visits were conducted on 
various occasions by PBS&J ecologists. Input was also solicited from State and Federal Resource Agency 
personnel and from personnel from Federal National Wildlife Refuges (NWR) and State Wildlife 
Management Areas (WMAs) in the area. 

2.1 LOGGERHEAD SEA TURTLE 

2.1.1 Reasons for Status 

FWS listed the loggerhead turtle (Caretta caretta) as threatened throughout its range on 28 July 1978 
(43 FR 32808). The decline of the loggerhead, like that of most sea turtles, is the result of 
overexploitation by man, inadvertent mortality associated with fishing and trawling activities, and natural 
predation. The most significant threats to its population are coastal development, commercial fisheries, 
and pollution (NMFS, 2006a). 

2.1.2 Habitat 

The loggerhead occurs in the open seas as far as 500 miles from shore, but mainly over the continental 
shelf, and in bays, estuaries, lagoons, creeks, and mouths of rivers. It favors warm temperate and 
subtropical regions not far from shorelines. The adults occupy various habitats, from turbid bays to clear 
waters of reefs. Subadults occur mainly in nearshore and estuarine waters. Hatchlings move directly to 
sea after hatching, and often float in masses of sargassum (Sargassum sp.). They may remain associated 
with sargassum for perhaps 3 to 5 years (NMFS and FWS, 1991a). 

Commensurate with their use of varied habitats, loggerheads consume a wide variety of both benthic and 
pelagic food items, which they crush before swallowing. Conches, shellfish, horseshoe crabs, prawns and 
other crustacea, squid, sponges, jellyfish, basket starts, fish (carrion or slow-moving species), and even 
hatchling loggerheads have all been recorded as loggerhead prey (Rebel, 1974; Hughes, 1974; Mortimer, 
1982). Adults forage primarily on the bottom, but also take jellyfish from the surface. The young feed on 
prey concentrated at the surface, such as gastropods, fragments of crustaceans, and sargassum. 
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Nesting occurs usually on open sandy beaches above the high-tide mark and seaward of well-developed 
dunes. They nest primarily on high-energy beaches on barrier islands adjacent to continental land masses 
in warm-temperate and subtropical regions. Steeply sloped beaches with gradually sloped offshore 
approaches are favored. In Florida, nesting on urban beaches was strongly correlated with the presence of 
tall objects (trees or buildings), which apparently shield the beach from city lights (Salmon et al., 1995). 

2.1.3 Range 

The loggerhead is widely distributed in tropical and subtropical seas, being found in the Atlantic Ocean 
from Nova Scotia to Argentina, the Gulf, Indian, and Pacific oceans (although it is rare in the eastern and 
central Pacific), and the Mediterranean Sea (Rebel, 1974; Ross, 1982; Iverson, 1986). In the continental 
U.S., loggerheads nest along the Atlantic coast from Florida to as far north as New Jersey (Musick, 1979) 
and sporadically along the Gulf Coast. In recent years, a few have nested on barrier islands along the 
Texas coast. The loggerhead is the most abundant sea turtle species in U.S. coastal waters (NMFS, 
2006a). 

2.1.4 Distribution in Texas 

The loggerhead is the most abundant turtle in Texas marine waters, preferring shallow inner continental 
shelf waters and occurring only very infrequently in the bays. It often occurs near offshore oil rig 
platforms, reefs, and jetties. Loggerheads are probably present year-round but are most noticeable in the 
spring when a favored food item, the Portuguese man-of-war (Physalia physalis), is abundant. 
Loggerheads constitute a major portion of the dead or moribund turtles washed ashore (stranded) on the 
Texas coast each year (Sea Turtle Stranding and Salvage Network [STSSN], 2007). A large proportion of 
these deaths are the result of accidental capture by shrimp trawlers, where caught turtles drown and their 
bodies dumped overboard. Before 1977, no positive documentation of loggerhead nests in Texas existed 
(Hildebrand, 1982). Since that time, several nests have been recorded along the Texas coast. In 1999, two 
loggerhead nests were confirmed in Texas, while in 2000, five loggerhead nests were confirmed (Shaver, 
2000a). Between 2001 and 2005, up to five loggerhead nests per year have been recorded from the Texas 
coast (Shaver, 2006). Two loggerhead nests were recorded in 2006: one on Padre Island National 
Seashore and the other on South Padre Island (NPS, 2007). Like the worldwide population, the population 
of loggerheads in Texas has declined. Prior to World War I, the species was taken in Texas for local 
consumption and a few were marketed (Hildebrand, 1982). Today, even with protection, insufficient 
loggerheads exist to support a fishery.  

2.1.5 Presence in the Study Area 

This species has been recorded from the study area. A loggerhead turtle was killed in 1996 during 
dredging operations in the entrance channel of the MSC, and two loggerheads were taken in the entrance 
channel of the MSC during dredging operations in 2006 (USACE, 2007). 
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2.2 KEMP’S RIDLEY SEA TURTLE 

2.2.1 Reasons for Status 

Kemp’s ridley sea turtle (Lepidochelys kempii) was listed as endangered throughout its range on 
2 December 1970 (35 FR 18320). Populations of this species have declined since 1947, when an 
estimated 42,000 females nested in one day (Hildebrand, 1963), to a total nesting population of 
approximately 1,000 in the mid-1980s. The decline of this species was primarily the result of human 
activities including collection of eggs, fishing for juveniles and adults, killing adults for meat and other 
products, and direct take for indigenous use. In addition to these sources of mortality, Kemp’s ridleys 
have been subject to high levels of incidental take by shrimp trawlers (FWS and NMFS, 1992; NMFS, 
2006a). The National Research Council’s (NRC) Committee on Sea Turtle Conservation estimated in 
1990 that 86% of the human-caused deaths of juvenile and adult loggerheads and Kemp’s ridleys resulted 
from shrimp trawling (Campbell, 1995). It is estimated that before the implementation of turtle excluder 
devices (TED) the commercial shrimp fleet killed between 500 and 5,000 Kemp’s ridleys each year 
(NMFS, 2006a). Kemp’s ridleys have also been taken by pound nets, gill nets, hook and line, crab traps, 
and longlines. 

Another problem shared by adult and juvenile sea turtles is the ingestion of manmade debris and garbage. 
Postmortem examinations of sea turtles found stranded on the south Texas coast from 1986 through 1988 
revealed 54% (60 of the 111 examined) of the sea turtles had eaten some type of marine debris. Plastic 
materials were most frequently ingested and included pieces of plastic bags, styrofoam, plastic pellets, 
balloons, rope, and fishing line. Nonplastic debris such as glass, tar, and aluminum foil were also ingested 
by the sea turtles examined. Much of this debris comes from offshore oil rigs, cargo ships, commercial 
and recreational fishing boats, research vessels, naval ships, and other vessels operating in the Gulf. Laws 
enacted during the late-1980s to regulate this dumping are difficult to enforce over vast expanses of 
water. In addition to trash, pollution from heavy spills of oil or waste products poses additional threats 
(Campbell, 1995). 

Further threats to this species include collisions with boats, explosives used to remove oil rigs, and 
entrapment in coastal power plant intake pipes (Campbell, 1995). Dredging operations affect Kemp’s 
ridley turtles through incidental take and by degrading the habitat. Incidental take of ridleys has been 
documented with hopper dredges. In addition to direct take, channelization of the inshore and nearshore 
areas can degrade foraging and migratory habitat through dredged material placement, degraded water 
quality/clarity, and altered current flow (FWS and NMFS, 1992).  

Sea turtles are especially subject to human impacts during the time the females come ashore for nesting. 
Modifications to nesting areas can have a devastating effect on sea turtle populations. In many cases, 
prime sea turtle nesting sites are also prime real estate. If a nesting site has been disturbed or destroyed, 
female turtles may nest in inferior locations where the hatchlings are less likely to survive, or they may 
not lay any eggs at all. Artificial lighting from developed beachfront areas often disorients nesting 
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females and hatchling sea turtles, causing them to head inland by mistake, often with fatal results. Adult 
females also may avoid brightly lit areas that would otherwise provide suitable nesting sites. 

Kemp’s ridley appears to be in the earliest stages of recovery. Approximately 6,000 Kemp’s ridley nests 
were recorded on Mexican beaches during the 2000 nesting season (Shaver, 2000a); just over 10,000 
nests were recorded there during the 2005 nesting season (Shaver, 2006). Similarly, increased nesting 
activity has been recorded on the Texas beaches in the last decade or so from four nests in 1995 to 51 
nests in 2005 (National Park Service [NPS], 2006; Shaver, 2006). Some of these nests were from 
headstarted ridleys. Of 46 Kemp’s ridley nests encountered in the continental U.S. during 2004, 42 were 
on Texas beaches (NPS, 2006). The increase likely can be attributed to two primary factors: full 
protection of nesting females and their nests in Mexico, and the requirement to use TEDs in shrimp trawls 
both in the U.S. and in Mexico (NMFS, 2006a). 

2.2.2 Habitat 

Kemp’s ridleys inhabit shallow coastal and estuarine waters, usually over sand or mud bottoms. Adults 
are primarily shallow-water benthic feeders that specialize on crabs, especially portunid crabs, while 
juveniles feed on sargassum and associated infauna, and other epipelagic species of the Gulf (FWS and 
NMFS, 1992). In some regions the blue crab (Callinectes sapidus) is the most common food item of 
adults and juveniles. Other food items include shrimp, snails, bivalves, sea urchins, jellyfish, sea stars, 
fish, and occasional marine plants (Pritchard and Marquez, 1973; Shaver, 1991; Campbell, 1995). 

2.2.3 Range 

Adults are primarily restricted to the Gulf, although juveniles may range throughout the Atlantic Ocean 
since they have been observed as far north as Nova Scotia (Musick, 1979) and in coastal waters of Europe 
(Brongersma, 1972). Important foraging areas include Campeche Bay, Mexico, and Louisiana coastal 
waters. 

Almost the entire population of Kemp’s ridleys nests on an 11-mile stretch of coastline near Rancho 
Nuevo, Tamaulipas, Mexico, approximately 190 miles south of the Rio Grande. A secondary nesting area 
occurs at Tuxpan, Veracruz, and sporadic nesting has been reported from Mustang Island, Texas, 
southward to Isla Aquada, Campeche. Several scattered isolated nesting attempts have occurred from 
North Carolina to Colombia. 

Because of the dangerous population decline at the time, a head-starting program was carried out from 
1978 to 1988. Eggs were collected from Rancho Nuevo and placed into polystyrene foam boxes 
containing Padre Island sand so that the eggs never touched the Ranch Nuevo sand. The eggs were flown 
to the U.S. and placed in a hatchery on Padre Island and incubated. The resulting hatchlings were allowed 
to crawl over the Padre Island beaches into the surf for imprinting purposes before being recovered from 
the surf and taken to Galveston for rearing. They were fed a diet of high-protein commercial floating 
pellets for 7 to 15 months before being released into Texas (mainly) or Florida waters (Caillouet et al., 
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1995). This program has shown some results. The first nesting from one of these head-started individuals 
occurred at Padre Island in 1996, and more nesting has occurred since (Shaver, 2000a). 

2.2.4 Distribution in Texas  

Kemp’s ridley occurs in Texas in small numbers and in many cases may well be in transit between 
crustacean-rich feeding areas in the northern Gulf and breeding grounds in Mexico. It has nested 
sporadically in Texas in the last 50 years. Nests were found near Yarborough Pass in 1948 and 1950, and 
in 1960 a single nest was located at Port Aransas. The number of nestings, however, has increased in 
recent years: 1995 (4 nests); 1996 (6 nests); 1997 (9 nests); 1998 (13 nests); 1999 (16 nests); 2000 (12 
nests); 2001 (8 nests); 2002 (38 nests); 2003 (19 nests); 2004 (42 nests); 2005 (51 nests), and 2006 (102 
nests) (Shaver, 2000a, 2006; NPS, 2007; Yeargan, 2007). As noted above, some of these nests were from 
headstarted ridleys. Of the 102 Kemp’s ridley nests recorded for Texas in 2006, 64 were at the Padre 
Island National Seashore (NPS, 2007). Such nestings, together with the proximity of the Rancho Nuevo 
rookery, probably accounts for the occurrence of hatchlings and subadults in Texas. According to 
Hildebrand (1982, 1986, 1987), sporadic ridley nesting in Texas has always been the case. This is in 
direct contradiction, however, to Lund (1974), who believed that Padre Island historically supported large 
numbers of nesting Kemp’s ridleys, but that the population became extirpated because of excessive egg 
collection.  

2.2.5 Presence in the Study Area 

Seven Kemp’s ridleys were captured during netting operations conducted by Texas A&M University at 
Galveston (TAMUG) at Magnolia Beach in Matagorda Bay from May to October 1996 (Williams and 
Renaud, 1998). These seven turtles were outfitted with radio or satellite transmitters and tracked between 
May and November 1996. Most of the subsequent locations were within 4 miles (2.5 km) of the western 
shoreline of Matagorda Bay. Other locations included Lavaca Bay, Carancahua Bay, Tres Palacios Bay, 
and Powderhorn Lake (Williams and Renaud, 1998). In addition to the netting records, a Kemp’s ridley 
nested on Matagorda Peninsula in 2002 (Yeargan, 2006), four Kemp’s ridleys nested on Matagorda Island 
in 2006 (NPS, 2007), and two Kemp’s ridleys were taken in the entrance channel of the MSC in 2006 
(USACE, 2007). 

2.3 HAWKSBILL SEA TURTLE 

2.3.1 Reasons for Status 

The hawksbill sea turtle (Eretmochelys imbricata) was Federally listed as endangered on 2 June 1970 (35 
FR 8495) with critical habitat designated in Puerto Rico on 24 May 1978 (43 FR 22224). The greatest 
threat to this species is harvest to supply the market for tortoiseshell and stuffed turtle curios (Meylan and 
Donnelly, 1999). Hawksbill shell (bekko) commands high prices. Japanese imports of raw bekko between 
1970 and 1989 totaled 713,850 kilograms, representing more than 670,000 turtles. The hawksbill is also 
used in the manufacture of leather, oil, perfume, and cosmetics (NMFS, 2006a). 
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Other threats include destruction of breeding locations by beach development, incidental take in lobster 
and Caribbean reef fish fisheries, pollution by petroleum products (especially oil tanker discharges), 
entanglement in persistent marine debris (Meylan, 1992), and predation on eggs and hatchlings. See FWS 
(1998) for detailed information on certain threats, including beach erosion, beach armoring, beach 
nourishment, sand mining, artificial lighting, beach cleaning, increased human presence, recreational 
beach equipment, predation, and poaching. 

In 1998, NMFS designated critical habitat near Mona Island and Isla Monito, Puerto Rico, seaward to 
5.6 kilometers (km) (63 FR 46693–46701). 

2.3.2 Habitat 

Hawksbills generally inhabit coastal reefs, bays, rocky areas, passes, estuaries, and lagoons, where they 
occur at depths of less than 70 ft. Like some other sea turtle species, hatchlings are sometimes found 
floating in masses of marine plants (e.g., sargassum rafts) in the open ocean (NFWL, 1980). Hawksbills 
reenter coastal waters when they reach a carapace length of approximately 20 to 25 centimeters. Coral 
reefs are widely recognized as the resident foraging habitat of juveniles, subadults, and adults. This 
habitat association is undoubtedly related to their diet of sponges, which need solid substrate for 
attachment. Hawksbills also occur around rocky outcrops and high-energy shoals, which are also 
optimum sites for sponge growth. In Texas, juvenile hawksbills are associated with stone jetties (NMFS, 
2006a). 

While this species is omnivorous, it prefers invertebrates, especially encrusting organisms, such as 
sponges, tunicates, bryozoans, mollusks, corals, barnacles, and sea urchins. Pelagic species consumed 
include jellyfish and fish, and plant material such as algae, sea grasses and mangroves, has been reported 
as food items for this turtle (Carr, 1952; Rebel, 1974; Pritchard, 1977; Musick, 1979; Mortimer, 1982). 
The young are reported to be somewhat more herbivorous than adults are (Ernst and Barbour, 1972). 

Terrestrial habitat is typically limited to nesting activities. The hawksbill, which is typically a solitary 
nester, nests on undisturbed, deep-sand beaches, from high-energy ocean beaches to tiny pocket beaches 
several meters wide bounded by crevices of cliff walls. Typically, the sand beaches are low energy, with 
woody vegetation, such as sea grape (Coccoloba uvifera), near the waterline (NRC, 1990).  

2.3.3 Range 

The hawksbill is circumtropical, occurring in tropical and subtropical seas of the Atlantic, Pacific, and 
Indian oceans (Witzell, 1983). This species is probably the most tropical of all marine turtles, although it 
does occur in many temperate regions. The hawksbill sea turtle is widely distributed in the Caribbean Sea 
and western Atlantic Ocean, with representatives of at least some life history stages regularly occurring in 
southern Florida and the northern Gulf (especially Texas), south to Brazil (NMFS, 2006a). In the 
continental U.S., the hawksbill largely nests in Florida where it is sporadic at best (NFWL, 1980). 
However, a major nesting beach exists on Mona Island, Puerto Rico. Elsewhere in the western Atlantic, 
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hawksbills nest in small numbers along the Gulf Coast of Mexico, the West Indies, and along the 
Caribbean coasts of Central and South America (Musick, 1979). 

2.3.4 Distribution in Texas 

Texas is the only state outside of Florida where hawksbills are sighted with any regularity. Most of these 
sightings involve posthatchlings and juveniles, and are primarily associated with stone jetties. These small 
turtles are believed to originate from nesting beaches in Mexico (NMFS, 2006a). On 13 June 1998, the 
first hawksbill nest recorded on the Texas coast was found at Padre Island National Seashore. This nest 
remains the only documented hawksbill nest on the Texas coast (Shaver, 2006; NPS, 2007).  

2.3.5 Presence in the Study Area 

Texas is the only state outside of Florida where hawksbills are encountered with any regularity. Most of 
these sightings involve posthatchlings and juveniles, and are primarily associated with stone jetties. These 
small turtles are believed to originate from nesting beaches in Mexico (NMFS, 2006a). This species is of 
potential occurrence in the study area. 

2.4 GREEN SEA TURTLE 

2.4.1 Reasons for Status 

The green turtle (Chelonia mydas) was listed on 28 July 1978 as threatened except for Florida and the 
Pacific Coast of Mexico (including the Gulf of California) where it was listed as endangered (43 FR 
32808). The greatest cause of decline in green turtle populations is commercial harvest for eggs and food. 
Other turtle parts are used for leather and jewelry, and small turtles are sometimes stuffed for curios. 
Incidental catch during commercial shrimp trawling is a continued source of mortality that adversely 
affects recovery. It is estimated that before the implementation of TED requirements, the offshore 
commercial shrimp fleet captured about 925 green turtles a year, of which approximately 225 would die. 
Most turtles killed are juveniles and subadults. Various other fishing operations also negatively affect this 
species (NMFS, 2006a). Epidemic outbreaks of fibropapilloma or “tumor” infections recently have 
occurred on green sea turtles, especially in Hawaii and Florida, posing a severe threat. The cause of these 
outbreaks is largely unknown, but it could be caused by a viral infection (Barrett, 1996). This species is 
also subject to various negative impacts shared by sea turtles in general.  

2.4.2 Habitat 

The green turtle primarily utilizes shallow habitats such as lagoons, bays, inlets, shoals, estuaries, and 
other areas with an abundance of marine algae and seagrasses. Individuals observed in the open ocean are 
believed to be migrants en route to feeding grounds or nesting beaches (Meylan, 1982). Hatchlings often 
float in masses of sea plants (e.g., rafts of sargassum) in convergence zones. Coral reefs and rocky 
outcrops near feeding pastures often are used as resting areas. The adults are primarily herbivorous, while 
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the juveniles consume more invertebrates. Foods consumed include seagrasses, macroalgae and other 
marine plants, mollusks, sponges, crustaceans, and jellyfish (Mortimer, 1982; Green, D., unpubl. data). 

Terrestrial habitat is typically limited to nesting activities, although in some areas, such as Hawaii and the 
Galápagos Islands, they will bask on beaches (Balazs, 1980; Green, D., unpubl. data). They prefer high-
energy beaches with deep sand, which may be coarse to fine, with little organic content. At least in some 
regions, they generally nest consistently at the same beach, which is apparently their natal beach (Meylan 
et al., 1990; Allard et al., 1994), although an individual might switch to a different nesting beach within a 
single nesting season (Green, D., unpubl. data). 

2.4.3 Range 

The green turtle is a circumglobal species in tropical and subtropical waters. In U.S. Atlantic waters, it 
occurs around the U.S. Virgin Islands, Puerto Rico, and continental U.S. from Massachusetts to Texas. 
Major nesting activity occurs on Ascension Island, Aves Island (Venezuela), Costa Rica, and in Surinam. 
Relatively small numbers nest in Florida, with even smaller numbers in Georgia, North Carolina, and 
Texas (NMFS and FWS, 1991b; Hirth, 1997). 

2.4.4 Distribution in Texas 

The green turtle in Texas inhabits shallow bays and estuaries where its principal foods, the various marine 
grasses, grow (Bartlett and Bartlett, 1999). Its population in Texas has suffered a decline similar to that of 
its world population. In the mid- to late-nineteenth century, Texas waters supported a green turtle fishery. 
Most of the turtles were caught in Matagorda Bay, Aransas Bay, and the lower Laguna Madre, although a 
few also came from Galveston Bay. Many live turtles were shipped to places such as New Orleans or 
New York and from there to other areas. Others were processed into canned products such as meat or 
soup prior to shipment. By 1900, however, the fishery had virtually ceased to exist. Turtles continued to 
be hunted sporadically for a while, the last Texas turtler hanging up his nets in 1935. Incidental catches by 
anglers and shrimpers were sometimes marked prior to 1963, when it became illegal to do so (Hildebrand, 
1982). 

Green turtles still occur in these same bays today but in much-reduced numbers (Hildebrand, 1982). 
While green turtles prefer to inhabit bays with seagrass meadows, they may also be found in bays that are 
devoid of seagrasses. The green turtles in these Texas bays are mainly small juveniles. Adults, juveniles, 
and even hatchlings are occasionally caught on trotlines or by offshore shrimpers or are washed ashore in 
a moribund condition (Shaver, 2000b; STSSN, 2007).  

Green turtle nests are rare in Texas. One nest was recorded at the Padre Island National Seashore in 1987, 
five in 1998, none in 1999, and one in 2000 (Shaver, 2000a, 2000b; NPS, 2007). Between 2001 and 2005, 
up to five nests per year have been recorded from the Texas coast (Shaver, 2006). In 2006, two green 
turtle nests were recorded at Padre Island National Seashore (NPS, 2007). Green turtles, however, nest 
more in Florida and in Mexico. Since long migrations of green turtles from their nesting beaches to 
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distant feedings grounds are well documented (Meylan, 1982; Green, 1984), the adult green turtles 
occurring in Texas may be either at their feeding grounds or in the process of migrating to or from their 
nesting beaches. The juveniles frequenting the seagrass meadows of the bay areas may remain there until 
they move to other feeding grounds or, perhaps, once having attained sexual maturity, return to their natal 
beaches outside of Texas to nest.  

2.4.5 Presence in the Study Area 

Four juvenile/subadult green turtles were captured during netting operations conducted by TAMUG at 
Magnolia Beach from May to October 1996 (Williams and Renaud, 1998). These four turtles were 
outfitted with radio satellite transmitters and tracked between May 1996 and March 1997. Subsequent 
locations included western Matagorda Bay, Lavaca Bay, and Powderhorn Bayou. The two green turtles 
that were fitted with satellite transmitters remained in the central Texas coast until a cold front on 
January 11, 1997 caused them to move approximately 112 miles (180 km) to the south. One of them 
began moving north again in mid-February and had returned to the Matagorda Bay area by late March 
(Williams and Renaud, 1998). 

In addition to the netting records, a green turtle was taken in the entrance channel of the MSC during 
dredging operations in 2004 (USACE, 2007), and a green turtle was recorded in the MSC southeast of 
Matagorda Peninsula (NDD, 2006a). However, this may have been the same individual. No green turtle 
nests have been recorded from the study area (Shaver, 2006; NPS; 2007). 

2.5 LEATHERBACK SEA TURTLE 

2.5.1 Reasons for Status 

The leatherback sea turtle (Dermochelys coriacea) was listed as endangered throughout its range on 
2 June 1970 (35 FR 8495), with critical habitat designated in the U.S. Virgin Islands on 26 September 
1978 and 23 March 1979 (43 FR 43688–43689 and 44 FR 17710–17712, respectively). Its decline is 
attributable to overexploitation by man and incidental mortality associated with commercial shrimping 
and fishing activities. Use of turtle meat for fish bait and the consumption of litter by turtles are also 
causes of mortality, the latter phenomenon apparently occurring when plastic is mistaken for jellyfish 
(Rebel, 1974). Nesting populations of leatherback sea turtles are especially difficult to estimate because 
the females frequently change nesting beaches; however, Spotila et al. (1996) estimated the 1995 
worldwide population of nesting female leatherbacks at 26,000 to 42,000. The major threat is egg 
collecting, although they are jeopardized to some extent by destruction or degradation of nesting habitat 
(NatureServe, 2006). This species is probably more susceptible than other turtles to drowning in shrimp 
trawlers equipped with TEDs because adult leatherbacks are too large to pass through the TED exit 
opening. Because leatherbacks nest in the tropics during hurricane season, a potential exists for storm-
generated waves and wind to erode nesting beaches, resulting in nest loss (NMFS and FWS, 1992). 
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Critical Habitat: St. Croix, Virgin Islands; Santa Rosa NP., Costa Rica; sites in Mexico. NMFS (Federal 
Register, 12 May 1995) established a leatherback conservation zone extending from Cape Canaveral to 
the Virginia-North Carolina border and including all inshore and offshore waters; this zone is subject to 
shrimping closures when high abundance of leatherbacks is documented. Mortality associated with the 
swordfish gillnet fisheries in Peru and Chile represents the single largest source of mortality for East 
Pacific leatherbacks (Eckert and Sarti, 1997). 

2.5.2 Habitat 

The leatherback sea turtle is mainly pelagic, inhabiting the open ocean, and seldom approaches land 
except for nesting (Eckert, 1992). It is most often found in coastal waters only when nesting or when 
following concentrations of jellyfish (TPWD, 2006), when it can be found in inshore waters, bays, and 
estuaries. It dives almost continuously, often to great depths. 

Despite their large size, the diet of leatherbacks consists largely of jellyfish and sea squirts. They also 
consume sea urchins, squid, crustaceans, fish, blue-green algae, and floating seaweed (NFWL, 1980). The 
leatherback typically nests on beaches with a deepwater approach (Pritchard, 1971). 

2.5.3 Range 

The leatherback is probably the most wide-ranging of all sea turtle species. It occurs in the Atlantic, 
Pacific and Indian oceans; as far north as British Columbia, Newfoundland, Great Britain, and Norway; as 
far south as Australia, the Cape of Good Hope, and Argentina; and in other water bodies such as the 
Mediterranean Sea (NFWL, 1980). Leatherbacks nest primarily in tropical regions; major nesting beaches 
include Malaysia, Mexico, French Guiana, Surinam, Costa Rica, and Trinidad (Ross, 1982). Leatherbacks 
nest only sporadically in some of the Atlantic and Gulf states of the continental U.S., with one nesting 
reported as far north as North Carolina (Schwartz, 1976). In the Atlantic and Caribbean, the largest 
nesting assemblages occur in the U.S. Virgin Islands, Puerto Rico, and Florida (NMFS, 2006a). 

The leatherback migrates further and ventures into colder water than any other marine reptile. Adults 
appear to engage in routine migrations between boreal, temperate, and tropical waters, presumably to 
optimize both foraging and nesting opportunities. The longest-known movement is that of an adult female 
that traveled 5,900 km to Ghana, West Africa, after nesting in Surinam (NMFS and FWS, 1992). During 
the summer, leatherbacks tend to occur along the east coast of the U.S. from the Gulf of Maine south to 
the middle of Florida. 

2.5.4 Distribution in Texas 

Apart from occasional feeding aggregations such as the large one of 100 animals reported by Leary 
(1957) off Port Aransas in December 1956, or possible concentrations in the Brownsville Eddy in winter 
(Hildebrand, 1983), leatherbacks are rare along the Texas coast, tending to keep to deeper offshore waters 
where their primary food source, jellyfish, occurs. In the Gulf, the leatherback is often associated with 
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two species of jellyfish: the cabbagehead (Stomolophus sp.) and the moon jellyfish (Aurelia sp.) (NMFS 
and FWS, 1992). According to FWS (1981), leatherbacks never have been common in Texas waters. No 
nests of this species have been recorded in Texas for at least 70 years (NPS, 2007). The last two, one from 
the late 1920s and one from the mid-1930s, were both from Padre Island (Hildebrand, 1982, 1986).  

2.5.5 Presence in the Study Area 

A leatherback was caught by a trawler in a shipping channel approximately 1.5 miles north of Aransas 
Pass (NMFS, 2003). No leatherbacks have been taken by dredging activities in Texas (USACE, 2007). 
This species is unlikely to occur in the study area. 

2.6 WHOOPING CRANE 

2.6.1 Reasons for Status 

The whooping crane (Grus americana) was Federally listed as endangered on 11 March 1967 (32 FR 
4001). Critical habitat has been designated in Aransas, Calhoun, and Refugio counties in Texas, and 
includes the Aransas NWR. An experimentally introduced flock in Florida is listed as an experimental 
nonessential populations (FR, 22 January 1993). The main factors for the decline of the whooping crane 
were loss of habitat to agriculture, human disturbance of nesting areas, uncontrolled hunting, and 
collisions with power lines (NatureServe, 2006). Biological factors, such as delayed sexual maturity and 
small clutch size prevent rapid population recovery. Drought during the breeding season presents serious 
hazards to this species (Campbell, 1995). Whooping cranes are vulnerable to loss of habitat along their 
long migration route (NatureServe, 2006), along which they are still subject to cataclysmic weather 
events, accidental shooting, collision with power lines, and predators. They are susceptible to avian 
tuberculosis, avian cholera and lead poisoning (Campbell, 1995). Exposure to disease is a special problem 
when large numbers of birds are concentrated in limited areas, as often happens during times of drought. 

While in Texas, the main population is at risk from chemical spills along the Gulf Intracoastal Waterway 
(GIWW), which passes through the center of their winter range (Campbell, 1995). The presence of 
contaminants in the food base is another potential problem on their wintering grounds (Oberholser, 1974), 
and a late season hurricane or other weather event could be disastrous to this concentrated population. 

2.6.2 Habitat 

Nesting habitat in Canada is freshwater marshes and wet prairies (NatureServe, 2006), interspersed with 
numerous potholes and narrow-wooded ridges. Whooping cranes use a variety of habitats during 
migration (Campbell, 1995). They feed on grain in croplands (Lewis, 1995), and large wetland areas are 
used for feeding and roosting. Riverine habitats, such as submerged sandbars, are often used for roosting. 
The principle winter habitat in Texas is brackish bays, marshes, and salt flats, although whooping cranes 
sometimes feed in upland sites characterized by oak mottles, grassland swales, and ponds on gently 
rolling sandy soils (Campbell, 1995). 
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Summer foods include large insect nymphs or larvae, frogs, rodents, small birds, minnows and berries. 
During the winter in Texas they eat a wide variety of plant and animal foods. Blue crabs, clams, and 
berries of Carolina wolfberry (Lycium carolinianum) comprise the diet. Foods taken at upland sites 
include acorns, snails, crayfish, and insects (Campbell, 1995). 

2.6.3 Range 

Whooping cranes were originally found throughout most of North America. In the nineteenth century, the 
main breeding area was from the Northwest Territories to the prairie provinces in Canada, and the 
northern prairie states to Illinois. A nonmigratory flock existed in Louisiana, but is now extirpated. 
Whooping cranes wintered from Florida to New Jersey along the Atlantic Coast, along the Texas Gulf 
Coast, and in the high plateaus of central Mexico. They now breed in isolated, marshy areas of Wood 
Buffalo National Park, Northwest Territories, and Canada. They winter primarily in the Aransas NWR 
and adjacent areas of the central Texas Gulf Coast (FWS, 1995). During migration they use various 
stopover areas in western Canada and the American Midwest. 

Two experimental flocks have been established by incubating eggs and rearing the young in captivity 
before releasing them into the wild. Cranes were introduced in Grays Lake NWR in Idaho in 1975; these 
birds winter at Bosque del Apache NWR in central New Mexico. This population was not successful and 
is now extirpated. Introduction of another flock to Kissimmee Prairie in Florida began in 1993. The 
Florida population will be nonmigratory (NatureServe, 2006).  

The natural wild population of whooping cranes spends its winters at the Aransas NWR, Matagorda 
Island, Isla San Jose, portions of the Lamar Peninsula, and Welder Point on the east side of San Antonio 
Bay (NatureServe, 2006). The main stopover points in Texas for migrating birds are in the central and 
eastern panhandle (FWS, 1995). 

2.6.4 Presence in the Study Area 

According to FWS (1995), Matagorda and Calhoun counties are within the species’ migration corridor; 
therefore, the species may occur in the study area because of the close proximity to suitable wintering 
habitat. According to NDD records, the whooping crane has been recorded from Aransas County in St. 
Charles Bay (Aransas Wildlife Refuge, Matagorda Island, and nearby wetlands). Also, one documented 
occurrence of a single whooping crane was recorded on marsh area between Keller Bay and Matagorda 
Bay approximately 11 air miles east of Port Lavaca and 3 air miles south of Olivia. Critical habitat for the 
whooping crane has been documented adjacent to the study area to the southwest. 



 

441652/060290 2-13 

2.7 BROWN PELICAN 

2.7.1 Reasons for Status 

FWS listed the brown pelican (Pelecanus occidentalis) as endangered throughout its foreign range on 
2 June 1970 (35 FR 8495) and throughout its U.S. range on 13 October 1970 (35 FR 16047). Population 
declines were largely the result of organochlorine pesticides, particularly endrin and DDT, entering the 
marine food web. Endrin resulted in direct mortality, while DDT impaired reproduction by causing 
eggshell thinning; thus, eggs desiccated and became susceptible to breaking during incubation (Shields, 
2002). Other factors included human disturbance and habitat loss resulting from commercial and 
residential development (FWS, 1995). Pelicans are large, heavy birds and easily flushed from the nest. 
Flushing exposes the eggs and young to predation, temperature stress, and permanent abandonment by the 
parents. 

A ban on the use of DDT in the U.S. in 1972, together with efforts to conserve and improve remaining 
populations, has led to increased numbers of brown pelicans. Populations in some areas have increased to 
historical breeding levels or above, with stable population numbers and productivity. FWS has delisted 
the brown pelican along the U.S. Atlantic Coast and the Gulf coasts of Florida and Alabama. It remains 
endangered throughout the remainder of its range, which includes Mississippi, Louisiana, Texas, 
California, Mexico, Central and South America, and the West Indies. In May 1998, the FWS announced 
its intention to delist or downlist to threatened status numerous species, including the brown pelican 
(63 FR 25502–25512; 8 May 1998). 

2.7.2 Habitat 

Brown pelicans inhabit warm coastal marine and estuarine environments (Shields, 2002). They are 
generally rare inland, but permanent year-round populations exist at the Salton Sea, California, and Lake 
Okeechobee, Florida, and they regularly occur as postbreeding visitors to inland waters in the southwest 
U.S. and central Florida (Shields, 2002). Brown pelicans breed colonially on undisturbed offshore islands, 
where they build nests on the ground or in trees and small bushes (American Ornithologists’ Union 
[AOU], 1998; Shields, 2002). Preferred sites are those free from human disturbance, flooding, and 
terrestrial predators such as raccoons. Brown pelicans typically forage in shallow waters within 12 miles 
of nesting sites during breeding, and rarely venture more than 45 miles offshore during nonbreeding 
(Shields, 2002). Sandbars, offshore rocks and islands, mangrove islets, jetties, pilings, piers, wharves, and 
oil/gas platforms provide important roosting and loafing sites (Shields, 2002). 

2.7.3 Range 

The brown pelican occurs along the Pacific Coast of the Americas from southern British Columbia south 
to Cape Horn, and throughout the Atlantic, Gulf and Caribbean coastal areas from New Jersey south to 
eastern Venezuela. In North America, it occasionally ventures inland, with records from Idaho, Wyoming, 
North Dakota, Iowa, Wisconsin, Michigan, Ontario, and Quebec (AOU, 1998; Shields, 2002). Its 
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breeding range is more restricted: along the Pacific Coast from central California south to Chile, including 
the Galápagos Islands; and from North Carolina, south to eastern Venezuela, the West Indies, Greater 
Antilles, and Virgin Islands (AOU, 1998). While some migration occurs after nesting in both subspecies, 
many individuals overwinter close to their breeding grounds (FWS, 1980). Atlantic Coast populations 
move southward in the fall, with most birds wintering in the U.S., particularly in Florida. Some birds, 
however, disperse to the Cuban coast (Clapp et al., 1982). Gulf Coast birds tend to remain on the Gulf 
Coast, although banded Texas and Louisiana birds have occurred in Mexico and Cuba (Palmer, 1962; 
Clapp et al., 1982). 

Two subspecies occur in North America: the eastern brown pelican (P. o. carolinensis) ranging from 
North Carolina south through Florida and west to Texas, and the California brown pelican (P. o. 
californicus) in California (NFWL, 1980). The eastern subspecies’ present-day range is the same as its 
historical range, but it occurs in reduced numbers. It became extirpated in Louisiana in 1966, but has 
since (beginning in 1968) been reintroduced from Florida. No known nesting records exist from 
Mississippi or Georgia (FWS, 1980; 50 FR 4938, 9 February 1985). Brown pelican colonies occur on the 
east coast of Mexico off the eastern tip of the Yucatan Peninsula (Mabie, 1986, 1988). 

Historically, the brown pelican was a common bird of the Texas Gulf Coast with an estimated breeding 
population of 5,000 pairs residing in 17 colonies in 1918 (Mabie, 1990). By the 1960s, however, it was 
nearing extirpation. In 1963, only 14 recorded breeding pairs were present along the Texas coast; in 1964, 
no known nesting occurred (Mabie, 1986). The decline started during the 1920s and 1930s in relation to 
human disturbance (Oberholser, 1974), and continued until the 1970s because of pesticide contamination 
(King et al., 1977; Mabie, 1986). Since the 1960s, the brown pelican has made a gradual comeback in 
Texas with an estimated 2,400 breeding pairs in 1995 (Campbell, 1995). The majority of breeding birds 
occur on Pelican Island in Corpus Christi Bay, Nueces County, and Sundown Island near Port O’Connor 
in Matagorda County. Smaller colonies occasionally nest on Bird Island in Matagorda Bay, a series of 
older dredged material islands in West Matagorda Bay, Dressing Point Island in East Matagorda Bay, and 
islands in Aransas Bay (Campbell, 1995). A breeding colony also exists on Little Pelican Island in 
Galveston Bay (Glass and Roach, 1997). 

2.7.4 Presence in the Study Area 

The majority of breeding birds in Texas occur from Nueces County to Galveston County (Lockwood and 
Freeman, 2004). The brown pelican is a common year-round resident on the central Texas coast 
(McAlister, 1992). Nesting colonies known to occur in the study area include the Lavaca Bay Spoil Island 
63-77 (code 609-300) and Sundown Island (code 609-300) colonies. These two islands were first 
documented in 1973, one of which has eroded away as of 1978m according to NDD records. The brown 
pelican is a common resident in the Matagorda/Lavaca bay system and is likely to occur in the study area. 
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2.8 BALD EAGLE 

2.8.1 Reasons for Status 

The bald eagle (Haliaeetus leucocephalus) first received legal protection under the Eagle Protection Act 
on 8 June 1940 (amended 23 October 1972). FWS listed the bald eagle (below the 40th parallel) as 
endangered on 11 March 1967 (32 FR 4001). Later it received protection under the ESA of 1973. The 
legal status of the species was changed on 14 February 1978 (43 FR 6233) to endangered in the 
conterminous U.S. except for Washington, Oregon, Minnesota, Wisconsin, and Michigan, where it was 
designated as threatened (FWS, 1984). FWS then downlisted the species to threatened on 12 July 1995 
(60 FR 35999 36010). FWS proposed to remove the bald eagle from the Federal list of threatened and 
endangered species on 6 July 1999 (64 FR 36453 36464); however, a final decision is yet to be made. 

Several factors have contributed to the decline of the bald eagle, including loss of habitat, mortality from 
shooting and trapping, and environmental contaminants (FWS, 1984). Human factors include direct 
mortality resulting from hunting, trapping, and poisoning, as well as indirect mortality resulting from 
collisions with power lines, structures, and vehicles and electrocution (Buehler, 2000). Mortality through 
shooting, however, is on the decline. Between 1975 and 1981, 18% of the total reported mortalities were 
because of shooting, compared to 62% between 1961 and 1965 (FWS, 1984). 

Historically, increase in human population has resulted in extensive alterations in land use. Because the 
eagles nest near water, increased recreation and other human use of water resources have had negative 
effects on the bald eagle. The greater use of boats, off-road vehicles, and snowmobiles, and increased 
development of waterfront property have severely altered eagle habitat (Snow, 1981). The construction of 
reservoirs has created new wintering and nonnesting habitat and nesting bald eagles may use these areas 
in the future, potentially resulting in a major redistribution of nesting (FWS, 1984). 

Environmental contaminants are responsible for the greatest decline in eagle populations. Organochloride 
pesticides inhibit calcium metabolism, resulting in thin eggshells and, thus, reproductive failure. Since 
banning of the use of DDT and other organochloride pesticides in the U.S., the eagles have slowly 
recovered. Most populations of bald eagles appear to be producing young at a normal rate (FWS, 1984). 

2.8.2 Habitat 

The bald eagle inhabits coastal areas, rivers, and large bodies of water. Water is the common feature of its 
nesting habitat. Because fish and waterfowl comprise the bulk of the bald eagle’s diet, nests are seldom 
far from a river, lake, bay, or other water body. Bald eagles generally build nests in the largest trees 
available, which provide adequate flight access and visibility of the surrounding area (Buehler, 2000). 
Nest trees may be in woodlands, woodland edges, or open areas, and are frequently the dominant or co-
dominant trees in the area (Green, 1985). Bald eagles also nest on cliffs and rock pinnacles, particularly in 
the southwestern U.S., and occasionally on the ground and on manmade structures (Buehler, 2000). 
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Water is also an important element of the winter habitat, with eagles usually frequenting lakes and major 
river systems. Wintering bald eagles also use habitats with little or no open water, if rabbits, carrion, or 
other food items are regularly available (Green, 1985; Buehler, 2000). 

2.8.3 Range 

The bald eagle ranges throughout North America. Two subspecies are currently recognized based on size 
and weight: the northern bald eagle (H. l. alascanus) and the southern bald eagle (H. l. leucocephalus), 
the former being larger and heavier than the latter. This delineation, however, is of questionable merit due 
to a continuous size gradient from north to south throughout the range; eagles in the central part of the 
U.S. are intermediate in size. The northern population nests from central Alaska and the Aleutian Islands, 
east through Canada, and in the northern states of the U.S. The southern population nests primarily in the 
estuarine areas of the Atlantic and Gulf coasts from New Jersey to Texas and the lower Mississippi 
Valley, northern California to Baja California (both coasts), Arizona and New Mexico (Snow, 1981). 
Wintering ranges of the two populations overlap. Many of the northern bald eagles migrate south for the 
winter and can occur as far south as Texas. The southern eagles tend to be more sedentary although there 
is some northward movement during the summer (Snow, 1981). The largest wintering group is in Alaska, 
where over 3,000 have congregated in the Chilkat Valley during the fall and winter months (Steenhof, 
1978). 

The southern subspecies nests in Texas along the Gulf Coast and on major inland lakes during the winter 
months, and migrates to more-northern latitudes during the summer. The northern bald eagle nests in the 
northern U.S. and Canada during spring and summer, and migrates to the southern U.S., including Texas, 
during the fall and winter. Concentrations of wintering northern eagles are often present around the shores 
of reservoirs in Texas, with most wintering concentrations occurring in the eastern part of the state. In 
Texas, wintering bald eagles have occurred as far south as Cameron County (Oberholser, 1974). In  

2.8.4 Presence in the Study Area 

No nests are known to occur in the vicinity of the MSC Improvement Project, but this species could occur 
in the study area as a rare migrant or post-nesting visitor. 

2.9 PIPING PLOVER 

2.9.1 Reasons for Status 

FWS listed the piping plover (Charadrius melodus) as threatened and endangered on 11 December 1985 
(50 FR 50726 50734). The piping plover is a Federally listed endangered species in the Great Lakes 
watershed, while the birds breeding on the Atlantic Coast and northern Great Plains are Federally listed as 
threatened. Piping plovers wintering in Texas and Louisiana are part of the northern Great Plains and 
Great Lakes populations and, therefore, are listed as threatened. 
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Shorebird hunting during the early 1900s caused the first known major decline of piping plovers (Bent, 
1929). Since then, loss or modification of habitat resulting from commercial, residential, and recreational 
developments, dune stabilization, damming and channelization of rivers (eliminating sandbars, 
encroachment of vegetation, and altering water flows), and wetland drainage have further contributed to 
the decline of the species (FWS, 1995). Additional threats include human disturbances through 
recreational use of habitat, and predation of eggs by feral pets (FWS, 1995). 

2.9.2 Habitat 

Piping plovers typically inhabit shorelines of oceans, rivers and inland lakes. In Texas, the piping plover 
may overwinter on coastal beaches and tidal flats. They typically arrive late July or August and remain for 
up to nine months, when they migrate north to breed. Nest sites include sandy beaches, especially where 
scattered tufts of grass are present; sandbars; causeways; bare areas on dredge-created and natural alluvial 
islands in rivers; gravel pits along rivers; silty flats; and salt-encrusted bare areas of sand, gravel, or 
pebbly mud on interior alkali lakes and ponds (Haig and Elliott-Smith, 2004). On the wintering grounds, 
these birds use beaches, mudflats, sandflats, dunes, and offshore emergent placement areas (FWS, 1995; 
AOU, 1998). 

2.9.3 Range 

The piping plover breeds on the northern Great Plains (Iowa, northwestern Minnesota, Montana, 
Nebraska, North and South Dakota, Alberta, Manitoba, and Saskatchewan), in the Great Lakes (Illinois, 
Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, Wisconsin, and Ontario), and along the 
Atlantic Coast from Newfoundland to Virginia and (formerly) North Carolina. It winters on the Atlantic 
and Gulf coasts from North Carolina to Mexico, including coastal Texas, and, less commonly, in the 
Bahamas and West Indies (AOU, 1998; 50 FR 50726, 11 December 1985). Migration occurs both 
through the interior of North America east of the Rocky Mountains (especially in the Mississippi Valley) 
and along the Atlantic Coast (AOU, 1998). Few data exist on the migration routes of this species. 

2.9.4 Presence in the Study Area 

Because of a lawsuit, FWS has designated critical habitat for the species in its nesting and wintering range 
(65 FR 41781–41812, 6 July 2000). Designation of critical habitat became final on 10 July 2001 (65 FR 
41781–41812, 6 July 2000). Critical habitat includes the land from the seaward boundary of mean lower 
low water (MLLW) to where densely vegetated habitat, not used by the species, begins and where the 
constituent elements no longer occur.  

Critical Habitat Unit. TX-19 occurs on Matagorda Island Beach (976 acres [ac]) in Calhoun County. This 
stretch of beach occurs along the Gulf side for 36 miles from Cedar Bayou to Pass Cavallo on the 
northeast. These lands are infrequently inundated by seasonal winds and fall entirely within the 
boundaries of Matagorda Island NWR (65 FR 41781–41812, 6 July 2000). TX-22 occurs on Decros Point 
(1,114 ac) at the Matagorda/Calhoun County line. This unit includes about 4.3 miles of beach habitat 
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around the island at the western tip of Matagorda Peninsula between the natural opening to Matagorda 
Bay and the MSC. This area is a wind tidal flat that is infrequently inundated by seasonal winds (65 FR 
41781–41812, 6 July 2000). TX-23 is a 769-ac shoreline along West Matagorda Peninsula in Matagorda 
County. This unit extends 24 miles along the Gulf from the jetties at the MSC to the old Colorado River 
channel. This area is also known as a wind tidal flat and is infrequently flooded by seasonal winds (65 FR 
41781–41812, 6 July 2000). TX-24 is a 1,868-ac tract on West Matagorda Bay/Western Peninsula Flats in 
Matagorda County. This unit extends along the bayside of Matagorda Peninsula southwest of Greens 
Bayou to 1.6 miles north of Greens Bayou. This unit is also considered a wind tidal flat that is 
infrequently inundated by seasonal winds (65 FR 41781–41812, 6 July 2000). TX-25 is located on West 
Matagorda Bay/Eastern Peninsula Flats (575 ac) in Matagorda County. This area follows the bayside of 
Matagorda Peninsula from Maverick Slough southwest for 3 miles. The unit begins at Maverick Slough 
to the northeast, and extends 3 miles to the southwest, enclosing a series of flats along Matagorda Bay (65 
FR 41781–41812, 6 July 2000). TX-26 is located in Matagorda County on the Colorado River Diversion 
Delta (13 ac). This unit follows the shore of the extreme eastern northeast corner of West Matagorda Bay 
from Culver Cut to Dog Island Reef. The southeastern tidally emergent portion of Dog Island Reef is 
included with this unit. The upland areas include areas used for roosting for the piping plover (65 FR 
41781–41812, 6 July 2000). NDD (2006c) documented records show this species occurring within the 
project area. These records are located bayside of Matagorda Peninsula approximately 1.7 air miles 
southwest of Greens Bayou Cut southwesterly to breakwater just northeast of Matagorda Peninsula 
airport and extending west-southwest from Decros Point across Calhoun/Matagorda County line. 
Wintering piping plovers are of potential occurrence on beaches and sand and mudflats along the bay 
margins within the study area. 

2.10 GULF STURGEON 

2.10.1 Reason for Status 

FWS and NMFS listed the gulf sturgeon (Acipenser oxyrhinchus desotoi), a subspecies of the Atlantic 
sturgeon (A. oxyrhinchus), as endangered on 30 September 1991 (56 FR 49653 49658). As with other 
sturgeon species, the damming of rivers has been the most significant threat to the gulf sturgeon (NMFS, 
2006b). Dams are now present on all of the major rivers within the gulf sturgeon’s range (Pearl, 
Mississippi, and Alabama rivers), which prevents upstream migration for spawning. Other threats to the 
species include over-exploitation, incidental catch, dredging activities, the removal of snags, and dredged 
material placement associated with channel improvements and maintenance (FWS and Gulf States Marine 
Fisheries Commission [GSMFC], 1995; NMFS, 2006b). 

2.10.2 Habitat 

The gulf sturgeon is anadromous, which means the species breeds in freshwater environments (i.e., river 
systems), but spends the remainder of the year in marine and estuarine environments. Spawning occurs in 
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the deeper portions of rivers on clean rock or rubble bottoms. Mud and sand bottoms and seagrass 
communities are likely important marine habitats (FWS and GSMFC, 1995). 

2.10.3 Range 

The gulf sturgeon historically ranged along the northeastern Gulf, in major rivers from the Mississippi 
delta in Louisiana, east to Charlotte Harbor, Florida and in marine waters of the central and eastern Gulf 
(FWS and GSMFC, 1995; NMFS, 2006b). Its current range extends from Lake Pontchartrain and the 
Pearl River in Louisiana and Mississippi east to the Suwannee River in Florida. Sporadic records exist 
from as far west as the Rio Grande River between Texas and Mexico, and as far east and south as Florida 
Bay. Viable populations exist in the Mississippi, Pearl, Escambia, Yellow, Choctawhatchee, Appachicola, 
and Suwannee rivers (NMFS, 2006b). 

2.10.4 Presence in the Study Area 

The study area is not within the known historic range of the gulf sturgeon. Fish are mobile species and 
frequently occur outside of their normal ranges; however, it is unlikely that the species is present in the 
study area. 

2.11 WHALES 

NMFS identifies five whale species of potential occurrence in the Gulf. These are the sei whale 
(Balaenoptera borealis), blue whale (Balaenoptera musculus), fin (or finback) whale (Balaenoptera 
physalus), humpback whale (Megaptera novaeangliae), and sperm whale (Physeter macrocephalus). 
These species are generally restricted to deeper offshore waters; therefore, it is unlikely that any of these 
five species would regularly occur in the Study area (NMFS, 2003). 
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3.0 ANALYSIS OF DIRECT AND INDIRECT EFFECTS 

Direct effects of the project are those associated with navigation channel improvements, and the 
placement of dredged material. They include (1) impacts to benthic organisms and their Gulf and 
estuarine water-bottom habitats resulting from dredging to construct navigation improvements, offshore 
placement areas, borrow areas for mitigation measures, and marsh restoration in shallow, open-water 
areas; (2) dredging impacts to bottom-feeding and pelagic organisms such as sea turtles, (3) impacts to 
marshes and upland habitats from the enlargement of placement areas; and (4) impacts to shorebirds and 
their habitat from the regular placement of maintenance material on the Gulf shoreline. 

The discussion of direct project impacts provided below is limited to those having the potential to affect 
threatened or endangered species that may occur in the study area. The following species are unlikely to 
occur in the study area and, therefore, no impacts are expected for the gulf sturgeon, leatherback sea 
turtle, and listed whale species. 

3.1 SEA TURTLES 

Sea turtles may be present in the project area during certain times of the year. Thus, construction and 
post-construction maintenance activities could result in impacts to the sea turtle, should they be present in 
the study area. Five species of sea turtle occur in Texas waters: Kemp’s ridley sea turtle, hawksbill sea 
turtle, leatherback sea turtle, loggerhead sea turtle, and green sea turtle. Kemps’ ridley and the loggerhead 
are the two most common species in Texas waters. All sea turtle species except the leatherback have 
nested on Texas beaches, with the vast majority of nests belonging to Kemp’s ridley (NMFS, 2006; 
Shaver, 2006; NPS, 2007). Three species have been recorded from the project area: Kemp’s ridley, 
loggerhead, and green turtle. Seven Kemp’s ridleys and four green turtles were captured during netting 
operations conducted by TAMUG at Magnolia Beach from May to November 1996 (Williams and 
Renaud, 1998). A Kemp’s ridley nested on Matagorda Peninsula in 2002 (Yeargan, 2006), and four 
Kemp’s ridleys nested on Matagorda Island in 2006 (NPS, 2007). Since October 1996, three loggerheads, 
two Kemp’s ridleys, and one green turtle have been taken during maintenance dredging of the entrance 
channel of the MSC (USACE, 2007). 

The proposed project calls for the use of both pipeline dredges and hopper dredges. It has been well 
documented that hopper dredging activities occasionally result in sea turtle entrainment and death, even 
with seasonal dredging windows, v-shaped turtle-deflector dragheads, and concurrent relocation trawling 
(NMFS, 2003). Between February 1995 and November 2006, hopper dredging activities within the 
USACE Galveston district resulted in 60 lethal takes of sea turtles: 26 loggerheads, 21 green turtles, and 
13 Kemp’s ridleys (USACE, 2007). Sea turtles easily avoid pipeline dredges due to the slow movement 
of the dredge. Apart from direct mortality, dredging activities could have an impact on sea turtles through 
an increase in sedimentation, turbidity, and resuspension of toxic sediments.  
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The sedimentation may affect food sources for the turtles, and the turbidity could affect primary 
productivity. This would be short-term, however. The increased possibility of chemical or oil spills could 
pose a threat to turtles both directly and indirectly through their food source. While adult sea turtles may 
be mobile enough to avoid areas of high oil or chemical concentrations, hatchlings, post-hatchlings, and 
juveniles in the area would be more susceptible. An increase in marine traffic may result in a higher 
incidence of collision with sea turtles. Other potential impacts as a result of the project include 
disorientation because of lighting on vessels, increased accumulation of plastic detritus, and beach 
nourishment activities.  

PAs would result in the direct loss of approximately 3,087 ac (1,249 hectares) of bay bottom over the 
course of the project. This bay bottom may be foraging or resting habitat for sea turtles. If sea turtles are 
present at disposal sites, they may be affected by sedimentation and turbidity. They could also be exposed 
to trash and debris; however, turtles should be easily able to overcome a descending plume and available 
food sources should not be seriously reduced.  

One potential benefit to sea turtles from the project is that several areas are planned for beach 
nourishment. Kemps’ ridley has nested in the study area and may be attracted to the beach nourishment 
areas. It is possible, however, that the material used for the beach nourishment projects may not be 
conducive to sea turtle nesting. These areas are at least 16 miles from the MSC entrance channel. 
Furthermore, Kemp’s ridleys nest in the daytime and crowded beaches may discourage this species from 
nesting.  

A Kemp’s ridley nested on Matagorda Peninsula in 2002 (Yeargan, 2006) and four Kemp’s ridleys nested 
on Matagorda Island in 2006 (NPS, 2007). Because Kemps’ ridley nests during daylight hours, no 
disorientation for adults from boat lighting would occur. Hatchlings, however, emerge form the nest at 
night and may be adversely affected by lighting on the boats. Under natural conditions, hatchlings 
typically take the shortest route to the water’s edge. Bright lights on a nearshore hopper dredge may cause 
the hatchlings to move toward the lights, resulting in a more circuitous route to the water or open ocean, 
thereby exposing them to more danger. While nesting in the project area is uncommon, hopper dredging 
outside of the nesting/emergence season (which occurs between April 1 and September 30), turning 
off/lowering/shielding unessential lighting, and use of shielded, low-sodium vapor lights for those that 
cannot be safely eliminated, would reduce this potential disorientation impact. The proposed project may 
affect, is not likely to adversely affect nesting of the Kemp’s ridley, loggerhead, or green sea turtles. The 
proposed project will have no effect on the nesting of the hawksbill and leatherback sea turtles.  

As noted above, hopper dredging may result in mortality of individual Kemps’ ridleys. Since October 
1996, two Kemp’s ridleys have been taken during maintenance dredging of the MSC (USACE, 2007). 
This species is seasonal in nearshore waters of Texas. During the onset of colder waters in December, 
Kemp’s ridley will move away from inshore waters into deeper waters, returning in March with warmer 
waters, ready to nest on the Texas coast and to forage in tidal passes and bays (NMFS, 2003). Restriction 
of hopper dredging activities to between December 1 and March 31, whenever possible, would reduce the 
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likelihood of direct mortality. Hopper dredging impacts on sea turtles will be minimized by following the 
reasonable and prudent measures included in the Biological Opinion being prepared by the NMFS for 
construction and the most recent Biological Opinion for mitigation dredging in the Gulf of Mexico. No 
significant impact to Kemp’s ridley as a result of the project is anticipated. 

Since October 1996, three loggerhead sea turtles and one green sea turtle have been taken during 
maintenance dredging of the MSC (USACE, 2007). As with the Kemp’s ridley sea turtle, these two 
species could be negatively impacted by dredging activities. The green turtle is known to move into 
warmer waters during the winter (Shaver, 2000b). Two green turtles captured at Magnolia Beach in the 
study area and tracked using satellite telemetry moved 112 miles (180 km) south into south Texas 
offshore waters during the winter (Williams and Renaud, 1998). Working within similar windows to 
Kemp’s ridley and having relocation trawlers working ahead of the dredges would help to reduce these 
impacts. The proposed hopper dredging activity is likely to adversely affect both the loggerhead sea turtle 
and the green sea turtle.  

The hawksbill sea turtle has not been recorded from the study area and no hawksbills have been taken 
during hopper dredging activities in Texas (USACE, 2007). Nevertheless, the proposed hopper dredging 
activity can be considered as likely to adversely affect the hawksbill sea turtle.  

Of the five species of sea turtles occurring in Texas waters, the leatherback is the species least likely to be 
affected by the proposed project because of its rare occurrence and pelagic nature. It is unlikely to occur 
in the action area and has not been caught in hopper dredges. The proposed hopper dredging activity may 
affect, is not likely to adversely affect the leatherback sea turtle. 

In summary, for nesting sea turtles (Kemp's ridley, loggerhead, green, and hawksbill) the conclusion is 
“may affect, is not likely to adversely affect.” For nesting leatherback sea turtles the conclusion is “no 
effect.” For hopper dredging activities, the conclusion for the Kemp's ridley, loggerhead, green, and 
hawksbill sea turtles is “is likely to adversely affect,” while the conclusion for the leatherback sea turtle is 
“may affect, is not likely to adversely affect.” 

3.2 WHOOPING CRANE 

Critical Habitat for the whooping crane has been documented adjacent to the project area to the 
southwest, but no critical habitat will be affected by this project. This species could occur in the project 
vicinity; however, it is unlikely to be adversely affected by project activities. Impacts are not anticipated 
from construction of levees unless dragline boom is in the air during fog conditions or at night. 

3.3 BROWN PELICAN 

The proposed work is not likely to adversely affect the brown pelican. However, dredging activities in the 
area could have some minor, indirect impacts on this species and its nesting activities. Noise during 
construction may also have an indirect impact on the rookeries. Any nonnesting pelicans occurring in the 
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general area could be impacted indirectly. Dredging activities may cause temporary impacts to aquatic 
communities and habitats, including increased sedimentation and turbidity, which in turn may indirectly 
impact seabirds in the area by potentially reducing the availability of the food supply. The increased 
possibility of accidental spills of petroleum products, chemicals, or other hazardous materials during 
dredging activities also poses a potential, although small, threat to the aquatic community and, thus, the 
food source of these individuals. Noise and human activities would likely cause this species to move 
elsewhere. The increased potential for spills and temporary dredging impacts and noise are not considered 
to be significant adverse impacts to brown pelicans. 

3.4 PIPING PLOVER 

Critical habitat occurs in the vicinity of the project area in Texas Units 19 through 27. Minor changes in 
salinity and tidal amplitude as a result of the proposed project are expected to have no impact on the 
piping plover. The primary constituent elements (PCEs) for the piping plover wintering habitat are those 
components that are essential for the primary biological needs of foraging, sheltering, and roosting, and 
only those areas containing these PCEs within the designated boundaries are considered critical habitat. 
The PCEs are found in coastal areas that support intertidal beaches and flats (between annual low and 
high tide) and associated dune systems and flats above annual high tide (65 FR 41781–41812, 6 July 
2000). No placement of dredged material will occur within areas of designated critical habitat or in areas 
that include PCEs for this species. The designated critical habitat for the piping plover would not be 
directly affected by construction or dredging activities. Any indirect impacts that may occur (e.g., 
disturbances related to noise) are expected to be minimal. The piping plover has been recorded at several 
places in the vicinity of the project area, according to NDD (2006c). The minor changes in salinity and 
tidal amplitude as a result of the project are not expected to have a long-term or significant adverse impact 
on plovers. The proposed project is not likely to adversely affect this species. 
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4.0 VOLUNTARY AVOIDANCE AND CONSERVATION 
MEASURES 

4.1 SEA TURTLE AVOIDANCE PLAN 

Avoidance measures would include an avoidance plan for hopper dredge impacts to sea turtles. This 
avoidance plan includes reasonable and prudent measures that have largely been incorporated in USACE 
regulatory and civil works projects throughout the Gulf for more than a decade. These measures include 
use of temporal dredging windows, when possible; intake and overflow screening; use of sea turtle 
deflector dragheads; observer reporting requirements; and sea turtle relocation/abundance trawling: 

• Hopper Dredging: hopper dredging activities in Gulf waters from the Mexico-Texas border to 
Key West, Florida up to 1 mile into rivers shall be completed, whenever possible, between 
1 December and 31 March, when sea turtle abundance is lowest throughout Gulf coastal waters. 
National Oceanic and Atmospheric Administration (NOAA) should be contacted should dredging 
need to occur outside of this window. 

• Nonhopper type dredging: pipeline or hydraulic dredges, which are not known to take turtles, 
must be used whenever possible between 1 April and 30 November in Gulf waters up to 1 mile 
into rivers. 

• Observers: Arrangements shall be made for NOAA Fisheries-approved observers to be aboard the 
hopper dredges to monitor the hopper soil, screening, and dragheads for sea turtles and their 
remains. Observer coverage sufficient for 100% monitoring (i.e., two observers) of hopper 
dredging operations is required aboard the hopper dredges year-round in Texas waters between 
1 April and 30 November, and whenever surface water temperatures are 11°C or greater. 

• Screening: When observers are required on hopper dredges, 100% inflow screening of dredged 
material is required and 100% overflow screening is recommended. If conditions prevent 100% 
inflow screening, screening may be reduced gradually, but 100% overflow screening is then 
required. 

• Sea Turtle Deflecting Draghead: A state-of-the-art rigid deflector draghead must be used on all 
hopper dredges in all Gulf channels and sand mining sites at all times of the year. 

• Dredge Take Reporting: Observer reports of incidental take by hopper dredges must be reported 
to NOAA Fisheries by onboard endangered species observers within 24 hours of any observed 
sea turtle take. A preliminary report summarizing the results of the hopper dredging and any 
documented sea turtle takes must be submitted to NOAA Fisheries within 30 working days of 
completion of any dredging project. In addition, an annual report (based on fiscal year) must be 
submitted to NOAA Fisheries summarizing hopper dredging projects and documented incidental 
takes. 

• Relocation Trawling: Relocation trawling shall be undertaken if two or more turtles are taken in a 
24-hour period in the project or if other conditions outlined in the Biological Opinion (BO) are 
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met. Handling of sea turtles captured during relocation trawling in association with a hopper 
dredging project in Gulf navigation channels shall be conducted by NOAA Fisheries-approved 
endangered species observers. 

Other conditions may also apply. A detailed outline of the conditions of the USACE’s sea turtle 
avoidance is included in NMFS’s BO for maintenance dredging of Gulf navigation channels and sand 
mining areas using hopper dredges (Consultation Number F/SER/2000/01287). This BO contains 
additional avoidance measures likely to be included in the BO for the MSCIP. 

4.2 GULF SHORELINE NOURISHMENT 

The unconfined placement on the shoreline would have a net beneficial effect on this environment. 
Placement events would affect shallow near shore waters and marsh. Benthic organisms in the nearshore 
zone will quickly rebound from the short term impacts of each placement event, as will marsh areas that 
are nourished with additional sediment. The potential for the nourishment activity to affect threatened and 
endangered species was evaluated. FWS has designated 4.3 miles of beach habitat around the island at the 
western tip of Matagorda Peninsula between the natural opening to Matagorda Bay and the MSC as 
critical habitat for the piping plover; however, the shoreline in the proposed nourishment zone is not 
located within this critical habitat zone. Therefore, minimal intertidal beaches, dunes, or sand flats used 
by the plover as its wintering range would be affected by this measure. Should beach nourishment occur 
when piping plovers are utilizing the project area, they would be temporarily displaced to nearby habitat, 
but would not be permanently excluded from using the project area. Piping plover critical habitat would 
likely be adversely affected if the proposed nourishment activities would affect the ability of the PCEs to 
support foraging, roosting, and sheltering, or the physical features necessary to maintain the natural 
processes that support those elements. However, no beach nourishment activities will take place within 
designated critical habitat areas, or within areas where PCEs are present, but at least one more is likely to 
be created by the nourishment effort. Effects to existing piping plover critical habitat would occur during 
each beach nourishment cycle but the overall condition of the nourishment area would be improved for 
piping plovers.  
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5.0 SUMMARY 

The proposed project may affect a few Federally listed endangered or threatened species. The following 
species are unlikely to occur in the project area and, therefore, no impacts are expected for the leatherback 
sea turtle, gulf sturgeon, and listed whale species. The project may affect and is likely to result in adverse 
effects to the following species: loggerhead sea turtle, Kemp’s ridley sea turtle, hawksbill sea turtle, and 
green sea turtle. The project, however, is unlikely to jeopardize/destroy or adversely modify critical 
habitat for any listed species. The piping plover may experience a beneficial effect from the proposed 
project resulting from habitat enhancement (i.e., shoreline nourishment) through beneficial use of dredged 
material. 
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1.0 INTRODUCTION 

Calhoun County Navigation District (CCND) is proposing to improve the Matagorda Ship 
Channel (MSC) from its facilities in upper Lavaca Bay to the terminus in the Gulf of Mexico. In 
addition, a new turning basin is proposed to accommodate the larger vessels that would use the 
improved channel.   The Project extends approximately 27 miles from the Port of Port Lavaca – 
Point Comfort turning basin in Lavaca Bay (Channel Station 118+502) through the southwest 
section of Matagorda Bay and offshore into the Gulf of Mexico (Channel Station -23+000), in 
Matagorda and Calhoun Counties, Texas (Figure 1). The project can be located on the 
U.S.G.S. quadrangle maps entitled Point Comfort, Port Lavaca East, Keller Bay, Port O’Connor, 
and Decros Point, Tex. Approximate UTM Coordinates at the north end of the existing turning 
basin in NAD 27 (meters): Zone 14; Easting 739500; Northing 3170500.  

The purpose of this document is to summarize the mitigation procedures for unavoidable 
impacts to habitats from the proposed Project.  This document provides a summary of the 
Project’s impacts and a description of the relevant mitigation options.     
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2.0 PROJECT IMPACTS SUMMARY 

Dredging operations required for the proposed Matagorda Ship Channel Improvement Project 
(MSCIP) would result in the conversion of existing open bay bottom and offshore bottom to ship 
channel bottom, and impact oysters present on the side slope of the existing channel. 
Placement of materials dredged from the channel, from both initial construction and in 
subsequent maintenance dredging, would impact additional bay bottom, as well as existing 
intertidal marsh and oyster reef (Figure 2). There are two types of intertidal marsh that would be 
impacted by the Project, low and high, defined as: 

• Low intertidal marsh communities are located in areas regularly inundated by daily tides, 
supporting nearly monotypic stands of smooth cordgrass (Spartina alterniflora). Low 
marshes transition to high marsh as elevation increases and tidal inundation decreases. 

• High marsh communities are found at higher elevations than low marsh. High marshes 
are subject to infrequent tidal flooding and/or receive runoff and groundwater flow from 
site levees and riprap areas.  The density of vegetation in the high marshes that would 
be impacted ranges from moderate to sparse.  These communities are typically 
dominated by: saltgrass (Distichlis spicata), sea-ox-eye daisy (Borrichia frutescens), sea 
purslane (Sesuvium maritimum), annual glasswort (Iva frutescens), and saltmeadow 
cordgrass (Spartina patens). 

There are no anticipated negative impacts to seagrass habitats from the MSCIP. 

2.1 Low Marsh Impacts 

For the proposed MSCIP, 8.4 acres of low marsh would be impacted as follows: placement area 
D would cover 3.4 acres of low marsh, placement area ER2 would cover 3.4 acres, and 
placement area ER3 would cover 1.6 acres (Figures 3-5), for descriptions of placement areas 
see URS 2006a). Low marsh in areas D and ER3 was delineated in the field (BESI 2006a). Low 
marsh in area ER2 was estimated using on-screen aerial photo analysis of a 2004 digital 
orthophoto quarter quadrangle with 1 m resolution. Area A1 might contain marsh on active 
placement areas PA18 and PA19; however, any marsh existing on active placement areas 
would not require mitigation for the placement of materials, as the areas are currently 
designated for that use. 
 

2.2 High Marsh Impacts 

A total of 28 acres of high marsh would be impacted by the proposed MSCIP as follows: area D 
would cover 18.6 acres of high marsh, and area ER3 would cover 9.4 acres. These high marsh 
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habitats have become established on Dredge Island in Lavaca Bay (Figures 3-5). High marsh 
in areas D and ER3 were delineated in the field (BESI 2006a).  

 

2.3 Impacts to Other Wetlands 

Proposed onshore placement area P1 is located on agricultural land.  The site contains prior 
converted cropland, artificial wetlands, and farmed wetlands that would be impacted by 
construction of the placement area (Figure 7 and Figure 8). After a jurisdictional determination 
is made, any necessary wetland delineations will be done in order to determine the acreages of 
wetlands that would be impacted by the placement of materials. 

 
2.4 Oyster Reef Impacts 

A total of 148.2 acres of oyster reef would be directly impacted by the proposed MSCIP, and an 
additional 105.7 acres would be indirectly impacted by project-induced increases in salinity 
(URS 2006b). The majority of the direct impacts of the project are from widening the existing 
ship channel. There are 129.2 acres of oyster reef on the side slope and on the bay bottom near 
the existing channel that would be impacted by channel widening. It is likely that the oysters on 
the side slope of the channel would naturally colonize the new side slope after channel 
widening; however, these impacts will be mitigated for at the same rate as for other oyster reef 
losses. Area ER3 contains 17 acres of oyster reef; and areas A2, D, and ER2 each contain less 
than one acre (0.75, 0.66, and 0.6 acres, respectively; Figures 3-6). Oyster reef in areas ER3, 
A2, and D were delineated in the field (BESI 2006b). Oyster reef in area ER2 was estimated 
using on-screen aerial photo analysis of a 2004 digital orthophoto quarter quadrangle with 1 m 
resolution.  

There is an estimated 105.7 acres of loss of oyster production from indirect impacts caused by 
predicted increases in salinity from the MSCIP (URS 2006b).  This loss of production is a result 
of an increased level of infection of oysters by the parasite Dermo (Perkinsus marinus).  

 

2.5 Bay and Offshore Bottom Impacts 

The conversion of bay bottom habitat as a result of the MSCIP is expected to have both positive 
and negative effects on the overall habitat functional value of the bay system; with an expected 
net increase in functional value. Some of the dredged material from the proposed MSCIP would 
be used to enhance bay bottom and mercury-impacted bay bottom areas by: creating more 
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productive habitats (marsh, oyster reef, or sand platform conducive to seagrass colonization), 
placing submerged caps on mercury impacted sediments, or nourishing beaches. Created 
marshes would be low marshes dominated by Spartina alterniflora. A total of 1398.6 acres of 
bay bottom and mercury-impacted bottom would be enhanced by habitat creation (Table 1). 
Unconfined placement areas would also receive dredged material. A total of 3403 acres would 
be impacted by unconfined placement. Areas impacted by open bay placement are allowed to 
recover between dredging cycles with productivity restored within one year. In the proposed 
MSCIP 1350 acres of Matagorda Bay bottom would receive unconfined placement at 
approximately a two-year dredging interval (there would be no unconfined placement in Lavaca 
Bay). Of the 2053 acres of Offshore Bottom impacted, 1600 acres would only receive a single 
placement of new work material, then be allowed to recover; the remaining 453 acres would 
receive material at the two-year dredging interval. In-bay upland areas covering 974.6 acres of 
bay bottom and 368.8 acres of mercury impacted bay bottom would be created in Lavaca and 
Matagorda Bays to hold dredged material. In-bay uplands covering mercury-impacted 
sediments are considered an impact to aquatic habitat, but they also provide a benefit by 
burying mercury. In addition, 704 acres of bay bottom and 213 acres of offshore bottom would 
be converted to ship channel. 

Bay B

Offshor

Mercury-im
Bo

To
 

 

 

Table 1. Summary of conversions of bay and offshore bottom from the Project. 

  

Habitat 
Creation 
(acres) 

Unconfined 
Placement 

(acres) 

In-bay 
uplands 
(acres) 

Convert to 
channel 
(acres) Total (acres)

ottom 1232.1 1350.0 974.6 704.0 4260.7 

e Bottom 0.0 2053.0 0.0 213.0 2266.0 

pacted Bay 
ttom 166.5 0.0 368.8 0.0 535.3 

tal 1398.6 3403.0 1343.4 917.0 7062.0 
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3.0 MITIGATION MEASURES 

Mitigation ratios of 1:1 for direct impacts to oyster reefs and 3:1 for low marsh (in-kind) will be 
used (Table 2). Mitigation will also be done for salinity impacts to oysters as explained in the 
Oyster Reef Impact Assessment (URS 2006b). In addition to the 253.9 acres required for all 
oyster impacts from the Project, material is available for an additional 44.1 acres of oyster reef 
to be created. Since low marsh is a more productive habitat than high marsh, mitigation would 
include a mix of low marsh and high marsh to mitigate for habitat losses and provide a greater 
habitat functional value. To mitigate for impacts to 28 acres of high marsh, 23.2 acres of high 
marsh and 22.2 acres of low marsh will be created. The resulting mitigation ratio for a mix of low 
marsh and high marsh to mitigate for impacts to high marsh is approximately 1.5:1.  

The amount of mitigation required for unavoidable impacts to wetlands in onshore placement 
area P1 will be determined following a wetland delineation. Appropriate mitigation for these 
potential wetland impacts will be provided that is acceptable to the United States Army Corps of 
Engineers (USACE) and applicable resource agencies. 
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Table 2. Mitigation for low marsh, high marsh, and oyster reef. 
  Impacts (acres)  

   
A2 

 
D 

 
ER2

 
ER3 

 
Ship Channel

 
Indirect Impacts 

  
Total  Mitigation 

ratio 

Mitigation 
Required 
(acres) 

Low Marsh 1   3.4 3.4 1.6     8.4  3:1 25.2 
High Marsh 2   18.6   9.4     28.0  Not Applicable 
Oyster Reef 0.8        0.7 0.6 17.0 129.2 105.7 253.9 1:1 253.9 

                      

  Mitigation (acres)   Material used Beneficially 
(acres)   

  D ER1 ER2 ER3 OR1 and OR2 Total  OR1 and OR2   
Low Marsh 1 7.1   10.2 7.9   25.2      

High Marsh 2 7.1     16.1 High Marsh, 
22.2 Low Marsh   23.2 High Marsh, 

22.2 Low Marsh      

Oyster Reef   63.0     190.9 253.9     44.1
                      

1 Low Marsh is Spartina alterniflora-dominated vegetation at an elevation between MLLW and MHHW water level 
2 Existing High Marsh has various species at low density at a higher elevation than Low Marsh. High Marsh habitat is found near the 
upper end of the tidal range at or below MHHW. Mitigation High Marsh will be planted with Spartina patens. 
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A Habitat Equivalency Analysis (HEA) was used to quantify the loss of functional value of 
unvegetated bay and offshore bottom habitats impacted by the proposed MSCIP (URS 2006c). 
The HEA addresses losses due to channel enlargement, and placement of new work and 
maintenance material over a 50-year planning period. The analysis is also used to ensure that 
proposed mitigation would restore all lost functional value over the 50-year period. A HEA is 
used to assess mitigation for bay and offshore bottom impacts rather than a mitigation ratio 
based on acreage because it is necessary to compare habitat functional values across habitat 
types. In-kind mitigation would not be a reasonable practice for the impacted habitats. The 
creation of open bay bottom or offshore bottom would require a loss of either terrestrial habitat, 
or more productive aquatic habitat such as marsh, oyster reef, or seagrass bed. Drawing on 
agency comments and experience from other recent permit efforts, several mitigation sites are 
proposed for open bay and offshore bottom impacts. Creation of more productive habitats such 
as marsh and areas designed to be colonized by seagrass are proposed. Protection of marsh 
and seagrass habitat in and around Keller Bay from loss to erosion is also proposed as 
mitigation for project impacts and as would provide additional benefits to habitat functional value 
beyond what is required for mitigation. The values of bay and offshore bottom areas impacted 
by the proposed project, as well as the value of mitigation sites from the HEA are provided in 
Table 3. 
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Table 3. Mitigation for bay bottom and offshore bottom. 

  Impacts  Mitigation   Additional 
Functional Value

  Habitat Type HEA Value1  Habitat Type HEA Value1   HEA Value1 

Proposed Ship 
Channel 

Bay Bottom and 
Offshore Bottom -4546.9          

A1 Bay Bottom -2627.9          
A2 Bay Bottom -694.2  Marsh 1230.3     
D Bay Bottom -1289.2          

ER2 Bay Bottom -416.0          
ER3 Bay Bottom -399.2          

G Bay Bottom -59.5  Marsh 3280.9     

Keller Bay protection2 Bay Bottom -62.5  Marsh and 
seagrass protection 5298.8   2460.4 

H4 Habitat Area Bay Bottom -223.2  Marsh and sand 
platform 2962.3     

O5 and PA1 Bay Bottom -844.4          
PA5-12 Bay Bottom -1609.3          
Total   -12,772.3    12,772.3   2460.4 

               
1 Value calculated from a Habitat Equivalency Analysis. Units are relative acre-years of function, see Habitat 
Equivalency Analysis for Bay Bottom Impacts, URS 2006c 
2 The value of marsh and seagrass protection beyond the amount required for mitigation is an additional 
benefit to habitat functional value. The value of 2460.4 is equivalent to the value of creating approximately 240 
acres of marsh or oyster reef, see Habitat Equivalency Analysis for Bay Bottom Impacts, URS 2006c 

 8 March 2007 



Matagorda Ship Channel Improvement Project Mitigation Plan 

3.1 Marsh Mitigation 

Approximately 587.6 acres of low marsh and 23.2 acres of high marsh will be created as part of 
the mitigation for project impacts.  The low marsh will consist of smooth cordgrass (Spartina 
alterniflora) which will be planted on clay fill.  Approximately 47.4 acres of low marsh and 23.2 
acres of high marsh will be created for mitigating low marsh and high marsh impacts in Lavaca 
Bay.  The remaining 540 acres of low marsh will be used to offset impacts to open bay bottom. 

Prior to planting, a survey will be performed at the site to determine the topography and 
elevation.  The target elevation for intertidal marsh (Spartina alterniflora) vegetation ranges from 
MLLW to MHHW, which is approximated at the 1.0-foot range in this area.  High marsh will 
consist of Spartina patens, and the target elevation for high marsh is in the upper tidal range 
near MHHW. If the topographic survey is determined to be outside of the target range for the 
low marsh and high marsh, then remedial actions will be taken after coordination with the 
USACE and appropriate resource agencies.  Recommendations may include allowing for 
additional site conditioning prior to conducting a full-scale planting of the site, grading the area, 
or conducting a pilot planting effort.  Planting and monitoring will be done as described in the 
following sections. Prior to planting, the results of the survey(s) will be coordinated with the 
USACE. 

3.1.1 Transplant Source 

The intertidal marsh vegetation will be transplanted in the proposed marsh mitigation areas.  
Spartina alterniflora and S. patens will be harvested from the following potential sources: 

a. Nursery that Alcoa utilizes for mitigating the Alcoa/Lavaca Bay Superfund site; 

b. Adjacent existing shoreline that is not impacted by mercury-contaminated sediments; 
or 

c. Commercial sources. 

The transplant source areas will be identified and applicable permits obtained from the resource 
agencies. Staking of the approved transplant harvest areas will be in accordance with applicable 
permits.  To avoid incidental damage to source areas, Spartina alterniflora and S. patens 
harvest techniques will be coordinated with the resource agencies. 

3.1.2 Transplanting 

Spartina alterniflora and S. patens should be planted between mid-October and mid-June.  If 
planting is required outside of these times, planting will be coordinated with the resource 
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agencies at least two weeks prior to commencement of those plantings.  The transplanting 
technique would be coordinated with the resource agencies during final engineering and design 
of the mitigation site, but it is anticipated that Spartina alterniflora and S. patens planting units 
would consist of multiculm sod or multiculm sprigs.  The initial planting would be completed 
within 18 months of the beginning of construction.   

3.1.3 Performance Criteria 

Marsh mitigation would be considered successful if, within three years, Spartina alterniflora and 
S. patens cover 70 percent of the planted area (excluding areas designed to be open water).  If 
mitigation is unsuccessful at the end of the monitoring period, the resource agencies will be 
consulted to determine if corrective measures are warranted.  If, at any time during the 
monitoring period, it becomes apparent that the selected location is unlikely to support target 
vegetation, a determination may be made to re-locate the Spartina alterniflora and S. patens 
planting or modify the mitigation project. 

3.1.4 Performance Monitoring 

An initial transplant survival survey would be conducted approximately 90 days after completion 
of the initial planting effort and, if necessary, each subsequent re-planting.  Using acceptable 
survey methods, a minimum of 15 percent of all transplant units will be randomly selected and 
surveyed for the initial transplant survival survey.  A written report detailing the survival results 
will be submitted to the resource agencies.  If at least 50 percent survival is not achieved, the 
resource agencies would be consulted to determine if/how the site should be modified or other 
appropriate corrective actions that should be taken prior to initiating a replanting effort.   

Post-planting monitoring would consist of site surveys to determine transplant survival and 
colonization.  At least four (4) transects would be established for the purpose of post-planting 
monitoring surveys.  All transects located within the mitigation site would be surveyed at 
intervals of 6 months, 1 year, 2 years and 3 years post-planting to estimate percent coverage 
within the planted areas.  Representative photographs of the site(s) would be taken during each 
survey to document Spartina alterniflora and S. patens success.  A written report detailing the 
results of the quarterly surveys would be submitted to the USACE. 

3.2 Oyster Mitigation Plan 

Approximately 253.9 acres of oyster reef will be created to compensate for the loss of oyster 
production resulting from direct and indirect project-related impacts to natural oyster reef 
habitats.  An additional 44.1 acres of oyster reef will be created as a means of using dredged 
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materials beneficially, for a total of 298 acres of reef created.  It is anticipated that the ecological 
services provided by the constructed reef will benefit a wide range of estuarine species, 
including finfish, shrimp, crabs, mussels, oysters and many species of reef dwelling 
invertebrates.  

Lavaca Bay has been selected for reef construction because much of the oyster impacts from 
the MSCIP are found within this bay, and it provides an environment suitable for oyster reef 
growth, as indicated by the numerous reefs in the area.   

3.2.1 Construction Criteria 

Prior to construction of the oyster reefs, a detailed bathymetric survey will be conducted.  
Constructed reefs will consist of parallel segments that will be constructed perpendicular or 
diagonal to the tidal currents. The base of the reef will be constructed using stiff clay. The upper 
part of the reefs will be constructed using materials that will provide appropriate attachment 
surfaces for oysters and other sessile mollusks, i.e. limestone, whole oyster shell, clean 
processed and graded crushed concrete, or any other material approved by the USACE in 
coordination with the resource agencies.  After settling, the top of the reef base shall be on 
average one (1) foot higher than the surrounding bay bottom, with no area less than six (6) 
inches above the surrounding sediment, in order to prevent burial by natural sedimentation.  
After construction has been completed, a permanent elevation marker will be placed on the reef 
to mark +6 feet MLT for monitoring the reef elevation. 

The target will be to deposit surface reef material between mid-April and early June.  This would 
establish reef as soon as possible before spat set (colonization by young oysters) to prevent 
excessive siltation on the reef, but before anticipated spat set in June.  If the reefs cannot be 
placed until later in the year, then spat set will be lower, resulting in a less productive oyster reef 
the first year.  

3.2.2 Construction Certification 

The oyster reef will be constructed in accordance with the criteria identified in Section 3.2.1 
above.  Within 21 days of construction completion, a notice will be provided to the USACE that 
construction has been completed in accordance with the criteria above.  

The first post-construction survey will be conducted at any time during the first October-
December time period after the oyster reef has settled by 70% (“70% Settling Date”).  A detailed 
geotechnical assessment will be conducted based on the best professional geotechnical testing 
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and engineering practices to determine the 70% Settling Date. The 70% Settling Date will be 
provided to the USACE.   

During the first post-construction monitoring event, a baseline survey will be conducted by a 
Registered Professional Land Surveyor.  The survey will be conducted to determine if aerial size 
and surface elevations specified have been achieved.  When the baseline survey and 
monitoring event are complete, a Post-Construction Report will be prepared, which will include 
the following elements: 

• Summary of construction activities 

• Baseline survey showing reef area, configuration, and elevation 

• Estimated depths of overlying water 

• Information to establish that the construction criteria have been met 

Within 60 days after the completion of the first post-construction monitoring event, the post-
construction report will be submitted to the USACE for review.  Within 30 days after receiving 
the report, the USACE may establish a date for a construction inspection. 

The USACE will evaluate the report and the results of any inspection they may undertake, and if 
it is agreed that the construction criteria have been met, shall issue a written notice certifying 
completion of construction of the oyster reef mitigation plan within 60 days after receipt of the 
Post-Construction Report.  If the construction criteria have not been met, a discussion will be 
held to decide whether any additional steps are needed to meet the construction criteria.  

3.2.3 Performance Criteria 

Performance criteria define short-term milestones that, if met, will provide reasonable assurance 
of project success in the long term. The performance criteria for the oyster mitigation plan are: 

a. Design-Based Criteria 

i. The presence of a suitable solid reef base that has a surface elevation 
that is on average 1 foot higher than the surrounding bay bottom.  Due to 
the slight unevenness of the bay bottom, and the shape of the reef 
construction material, reef surface elevation will be an arithmetic average 
of 1 foot above the surrounding bay bottom, but no individual area will be 
less than 6 inches above bay bottom.  

ii. The reefs may consist of multiple reef segments constructed at the same 
site, but the combined aerial size of the segments, not counting open 
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water between segments, will be measured as the area of reef created. 
The area of reef in ER1 will be no less than 63 acres, and the total area of 
OR1 and OR2 will be no less than 235 acres. 

b. Ecological Criteria 

i. Evidence of oyster colonization on the constructed reef within 30 months 
post-construction.  

Compliance with the design-based performance criteria shall be documented during each 
monitoring event that will occur during the October-December time period approximately 18 and 
30 months after construction has been completed.  Compliance with the ecological performance 
criteria may be determined during any of the scheduled monitoring events or other inspections 
approved by the USACE.  

3.2.4 Contingencies 

Successful establishment of a productive oyster reef depends on a number of environmental 
factors that can not be controlled. Severe flooding, drought, or tropical storms can kill oysters on 
a reef, or prevent them from colonizing. If conditions exist that prevent the establishment of 
reefs when they are built, then the timeline for the performance criteria for reef establishment 
will begin when conditions become favorable for oysters. 

3.2.5 Performance Monitoring 

Reef monitoring will be conducted at scheduled intervals following reef construction.  The 
schedule and objectives of post-construction monitoring events are shown in Table 4 below: 
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Table 4.  Post-Construction Monitoring Events 

Monitoring Schedule Characteristics to Evaluate Methods 
Evidence of oyster colonization Photo documentation 

October-December after 70% 
Settling Date 

Average reef surface elevation and 
aerial extent 

Baseline survey by a 
Registered Professional Land 

Surveyor 
Evidence of oyster colonization (if 

not documented during prior 
monitoring event) 

Photo documentation October-December 
approximately 18 months 
following certification of 
completion of construction Average reef surface elevation 

Confirmation survey by a 
Registered Professional Land 

Surveyor 
October-December 
approximately 30 months 
following certification of 
completion of construction 

Evidence of oyster colonization (if 
not documented during prior 

monitoring event) 
Photo documentation 

A written report following each monitoring event will be submitted to the USACE for review.  

3.2.6 Corrective Actions 
Approval will be obtained from the USACE prior to performing any corrective actions.  These 
may include the following: 

a. Mobilization of heavy equipment for reworking existing base material to provide 
gaps, passes, or deflectors designed to improve circulation and/or reduce 
sedimentation. 

b. Reconstruction or augmentation of reef base to address excessive subsidence or 
settlement. 

c. Mechanical manipulation of the upper reef surface to increase surface attachment 
area if the spat set is not successful and is negatively colonized by algae.  

Corrective actions will not include construction of a new reef at a different location, and are 
limited to corrections, amendments, or modifications of the existing reef.  Corrective actions may 
be triggered by the following: 

a. Excessive subsidence or settling of the reef base (from baseline or confirmation 
surveys). 

b. No evidence of colonization of sessile mollusks is detected in any scheduled post-
construction monitoring event. 
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The USACE has the option of requiring one additional monitoring event if the ecological 
performance criterion has not been met by the time of the 30-Month Post-Construction 
Monitoring Event. 

4.0 MAINTENANCE 

The Calhoun County Navigation District is committed to maintaining the mitigation sites, and will 
work to establish a reasonable maintenance program that is acceptable to the USACE, in 
coordination with appropriate resource agencies.  An inspection will be performed at least every 
five years or after hurricane/tropical storm/or public notice of degradation of the site to 
determine if particular element(s) need maintenance to preserve the function of the mitigation 
site.  These inspections and maintenance work activities would be coordinated with the USACE 
and appropriate resource agencies. 
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Appendix P 

Texas Coastal Management Program Consistency Determination 
Compliance with Goals and Policies – Section 501.25 (A)–(F) 

Dredging and Dredged Material Disposal and Placement 
Matagorda Ship Channel 

INTRODUCTION 

The Calhoun County Navigation District and USACE, in coordination with an interagency DMMP 
Working Group comprising numerous State and Federal agencies, including the Texas General Land 
Office, developed a dredged material management plan (DMMP) that uses dredged material in an 
environmentally acceptable and economically practical manner, which have direct public ecological and 
benefits of dredged material are incorporated into the DMMP (Appendix B to the Matagorda Ship 
Channel Improvement Project [MSCIP] EIS) and include shoreline (e.g., beach and estuaries) protection 
and creation, capping of higher-mercury sediments, and wildlife habitat creation (i.e., bird islands, 
marshes, seagrass habitat, oyster reefs, and beaches). 

IMPACTS ON COASTAL NATURAL RESOURCE AREAS 

Several of the Coastal Natural Resource Areas (CNRAs) listed in 31 Texas Administrative Code (TAC) 
§501.3 are found reasonably close to the areas discussed in this DEIS. A short description of each CNRA 
near the project and of methods to minimize or avoid potential impacts is provided below.  

Waters of the Open Gulf of Mexico 

Dredged maintenance material from the Jetty and Entrance Channels will be placed in the open Gulf of 
Mexico (Gulf) in PA1 (the maintenance material ODMDS) and construction material from the Jetty and 
Entrance Channel and some of the in-bay reach will be placed in the virgin material ODMDS. PA 1 was 
officially designated as an ODMDS as required by §102 of the Marine Protection, Research, and 
Sanctuaries Act (MPRSA) of 1990. An EIS that described the alternatives evaluated was prepared for this 
designation. The §103 authorization materials for the virgin material ODMDS, including alternatives, is 
included as Appendix K to the MSCIP EIS. In total, the 474 acres (ac) in the designated routine 
maintenance material ODMDS (PA1) will be intermittently disturbed for the life of the project, as it has 
since designation in 1990, and the 1,600-ac virgin material ODMDS will be disturbed once during 
construction. Sediment from the offshore and Matagorda Bay reaches have been evaluated for 
contaminants and nothing of concern was identified (Appendix D of the MSCIP EIS). 
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Waters under Tidal Influence 

The entire project is located in a region which experiences tidal influence. Dredging and placement 
activities represent a minimal impact because the release of suspended solids is minimized by reducing 
the amount of open-bay placement and using existing PAs where open-bay placement will occur.  

Submerged Lands 

The areas immediately adjacent to the project alignment, as well as all placement areas (PAs) except the 
upland confined PA, are characterized as submerged land. Impacts to these areas are minimized by 
placement of dredged material into the historically used placement areas in portions of Matagorda Bay, 
capping higher-mercury-concentration sediments, and minimizing the size of confined sites by going 
vertically to the extent practical. Most placement areas will cover submerged lands; however, this 
placement will result in a net increase in several CNRAs, as noted below. 

Coastal Wetlands 

The only potential impacts to coastal wetlands, aside from burial of a total of 8.4 ac of low marsh by PAs 
D, ER2, and ER3, and loss of 28 ac of high marsh from PAs D and ER3 would be from changes in 
salinity. Hydrodynamic modeling has indicated that salinity changes near existing wetlands would be 
minimal. However, important wetlands (432 ac) in Keller Bay would be protected by PA G and others 
(PAs A2, D, ER2, ER3, G, and H4) would create a net increase of approximately 587 ac of low marsh 
habitat and 23 ac of high marsh would be created. 

Submerged Aquatic Vegetation 

This navigation project is located near areas not characterized as having large expanses of seagrasses. 
There will be few, if any, direct or indirect adverse impacts to seagrass beds. However, important seagrass 
areas in Keller Bay (250 ac) would be protected by proposed PAs and PA H4 would create 325 ac of 
habitat conducive to seagrass colonization, for a potential net increase of 325 ac of seagrass habitat. 

Tidal Sand and Mud Flats 

The only potential impacts to tidal sand and mud flats would be a slight change in tidal amplitude (a few 
centimeters). 

Oyster Reefs 

With the change in salinity with the project, there will be adverse impacts to oyster resources as a result of 
the proposed project. As noted in Appendix N to the MSCIP EIS, there would be an effective loss of 
approximately 106 ac of oyster reef production from salinity changes. There will also be direct impacts to 
129 ac in the Matagorda Ship Channel (MSC) and approximately 19 ac of oyster reef from PAs. 
Approximately 254 ac of oyster reef would be created to compensate for these losses. Additionally, about 
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44 ac of oyster reef would be created using stiff clay new work material, resulting in a total of 298 ac of 
new oyster reef, a net increase of approximately 44 ac of oyster reef in the Matagorda Bay System. 

Hard Substrate Reefs 

There are no naturally occurring hard substrate formations in the vicinity of the project. The closest 
serpulid worm reefs are located much farther south in the Laguna Madre and Baffin Bay. 

Coastal Barriers 

Three coastal barrier areas occur in the vicinity of the project. One of the areas extends along Matagorda 
Island and Matagorda Peninsula (T08P), one is just on Matagorda Peninsula (T07), and the other is 
located near Palacios (TX-10 or Shell Beach). Matagorda Island and Matagorda Peninsula are located 
between Matagorda Bay and the Gulf and Matagorda Peninsula encompasses the Jetty Channel. Neither is 
developed. The DMMP includes the possibility of placing material on the beaches of Matagorda 
Peninsula, if requested, and if it can be done without increasing maintenance dredging or impacting Pass 
Cavallo. Based on modeling conducted for the project and the USACE Jetty Stability Study (USACE, 
2006; Krause, 2006), adverse impacts to these coastal barriers are not expected to occur as a result of 
dredging and dredged material placement operations. 

Coastal Shore Areas 

These resource areas function as buffers, protecting upland habitats from erosion and storm damage and 
adjacent marshes and waterways from water quality degradation. This type of area is located at the 
Entrance Channel, where the channel traverses Matagorda Peninsula to the Gulf and along the shoreline 
of Matagorda Peninsula and Matagorda and Lavaca Bays. No placement is expected for Matagorda 
Peninsula. Beach nourishment at PAs BN1, BN2, and BN3 will protect coastal shore areas along the 
Magnolia Beach – Indianola shoreline and PA G will protect coastal shore areas in Matagorda and Keller 
Bays. Therefore, adverse impacts to coastal shore areas are not expected to occur as a result of dredging 
and dredged material placement operations but beneficial impacts are expected. 

Gulf Beaches 

Gulf beaches border the Gulf and extend inland from the line of mean low tide to the natural line of 
vegetation. Matagorda Peninsula, through which the MSC cuts, contains Gulf beaches, as does Matagorda 
Island to the southwest. Neither is developed. For several miles updrift (northeast) of the Entrance 
Channel, Matagorda Peninsula is advancing into the Gulf. Immediately downdrift (southwest) of the 
Entrance Channel, Matagorda Peninsula is eroding but at and near the split that marks the southwest end 
of Matagorda Peninsula at Pass Cavallo, accretion is occurring (Krause, 2006; USACE, Krause, et al., 
2006). No placement of dredged material on Matagorda Peninsula is included in the DMMP and 
modeling (Appendix I to the MSCIP EIS) has shown that the wider channel would not significantly affect 
erosion/accretion rates on Matagorda Peninsula. No placement of dredged material on Matagorda 



 

441652/060332 P-4 

Peninsula is included in the DMMP. Therefore, impacts to Gulf beaches are not expected to occur as a 
result of dredging and dredged material placement operations. 

Critical Dune Areas 

The Gulf beaches on both sides of the MSC Entrance Channel can be characterized as having active sand 
dune systems. Since no placement of dredged material on Matagorda Peninsula is included in the DMMP, 
adverse impacts to dune areas are not expected to occur as a result of dredging and dredged material 
placement operations. 

Special Hazard Areas 

Special hazard areas are areas designated by the administrator of the Federal Insurance Administration 
under the National Flood Insurance Act as having special flood, mudslide, and/or flood-related erosion 
hazards. Much of the project area qualifies as special hazard areas on the Flood Insurance Rate Maps. 
Except from improvements caused by beach nourishment and shoreline protection measures in the 
DMMP, project dredging and placement activities do not affect these low-lying areas because dredging is 
within and adjacent to the existing channel and disposal is within contained upland sites and sites in open 
waters. One upland confined placement area is proposed as part of the DMMP. This placement area (P1) 
would occur on an area currently used for rice production and waterfowl habitat. The 700-ac area would 
be leveed and filled with primarily maintenance dredged material over the 50-year life of the project. 
Drainage from the area is proposed to occur via a drainage ditch that would be adjacent to existing ditch, 
roadway, and pipeline corridors. The proposed P1 should not affect drainage or flooding of nearby lands, 
residences, or communities. 

Critical Erosion Areas 

These areas are those Gulf and bay shorelines that are undergoing erosion and are designated by the 
Commissioner of the General Land Office under Texas Natural Resources Code, §33.601(b). Only one 
critical erosion area is designated in the project area and it is located along the shoreline from Chocolate 
Bay to Powderhorn Lake, including Alamo Beach, Magnolia Beach, and Indianola. Much of this area will 
be improved by beach nourishment at PAs BN1, BN2, and BN3. Another is located in the study area, 
along the shoreline along the Welder Flats State Coastal Preserve, just east of the mouth of San Antonio 
Bay. Because of the distance from the project, no impacts could be expected to this CNRA. Therefore, the 
project will have beneficial impacts on the only Critical Erosion Area in the project area and no impacts 
on any other. 

Coastal Historic Areas 

Sites listed or eligible for the National Register of Historic Places and State Archeological Landmarks are 
present in the project area. Compliance with the TCMP regarding coastal historic areas is accomplished 
through procedures established by Section 106 of the National Historic Preservation Act of 1965 
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(NHPA), as amended. These coastal historic sites, as well as non-coastal historic sites, are discussed in 
Section 3.16 of the MSCIP, with impacts discussed in Section 4.16. Coordination with the Texas Historic 
Commission is ongoing, but it is expected that impacts to significant sites will be avoided. 

Coastal Preserves 

This natural resource includes only State lands and parks. There is one designated Texas Coastal Preserve 
(Welder Flats State Coastal Preserve), located in the MSCIP study area, just east of the mouth of San 
Antonio Bay. Also, there is another State-owned land in the study area (Perry R. Bass Research Station) 
located on the shoreline of Matagorda Bay between Carancahua and Turtle Bays. Based on their distance 
from the project channel and hydro-salinity modeling conducted for the project, impacts are not expected 
to occur from dredging or material placement operations to these state-owned lands.  

COMPLIANCE WITH GOALS AND POLICIES 

The following goals and policies of the TCMP were reviewed for compliance (TAC Title 31, Part 16, 
Chapter 501 Subchapter B).  

• §501.25 – Dredging and Dredged Material Disposal and Placement 

• §501.15 – Policy for Major Actions 

Compliance with §501.15 – Policy for Major Actions 

This project involves action subject to §506.12 and constitutes a major action. Therefore, a Federal EIS is 
required under NEPA, 42 USC, §4321, et seq. Both State and Federal agencies involved with the MSCIP 
have met and coordinated on the identification and mitigation of project impacts and beneficial uses of 
dredged material. The purpose of this appendix to the MSCIP EIS is to demonstrate that the MSCIP is 
consistent with the TCMP. 

Section 501.25 Dredging and Dredged Material Disposal and Placement 

(a)  Dredging and the disposal and placement of dredged material shall avoid and otherwise 
minimize adverse effects to coastal waters, submerged lands, critical areas, coastal shore areas, 
and Gulf beaches to the greatest extent practicable. The policies of this section are supplemental 
to any further restrictions or requirements relating to the beach access and use rights of the 
public. In implementing this section, cumulative and secondary adverse effects of dredging and 
the disposal and placement of dredged material and the unique characteristics of affected sites 
shall be considered. 

Compliance: Dredged material will be placed on a variety of areas and will have some effects on 
coastal waters and submerged lands such as temporarily burying benthic organisms and increasing 
turbidity in the area. Beach nourishment activities will result in temporary restrictions to specific 
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beach areas. Habitat losses and gains will result from measures outlined in the DMMP (Appendix B 
to the MSCIP EIS). In some instances, impacts include losses to bay bottom habitat to sequester 
higher-mercury sediments with stiff clays. Although these measures will result in bay bottom loss, 
this bay bottom will either change elevation or marsh or oyster reef habitats will be created on top 
of the placement material, creating potentially more productive habitat. In other instances, bay 
bottom losses occur due to shoreline restoration measures to protect eroding shorelines in Lavaca 
and Matagorda Bays or will result in shoreline habitat creation. Other actions include placement 
onto agricultural land in an inland area and use of Offshore Dredged Material Disposal Sites 
(ODMDSs). Proposed measures of the DMMP are the result of coordination among agency 
personnel and other interested parties. No material would be placed on Gulf beaches. 

(1) Dredging and dredged material disposal and placement shall not cause or contribute, after 
consideration of dilution and dispersion, to violation of any applicable surface water quality 
standards established under §501.21 of this title. 

Compliance: For all placement areas, adequate dilution and dispersion occurs so that applicable 
surface water standards are not violated (MSCIP EIS Sections 3.9.2 and 4.9.2). 

(2) Except as otherwise provided in paragraph (4) of this subsection, adverse effects on critical 
areas from dredging and dredged material disposal or placement shall be avoided and 
otherwise minimized, and appropriate and practicable compensatory mitigation shall be 
required, in accordance with §501.23 of this title. 

Compliance: CRNAs will be impacted by the project, as discussed above; however, DMMP 
measures will result in creation and restoration of critical areas. For example, DMMP measures 
will have a direct impact on about 148 ac and an indirect impact on a maximum of 123 ac of oyster 
reef but will create approximately 298 ac). Additionally, although 364 ac of marsh will be impacted 
by placement measures, impacts will be mitigated and additional marsh will be created for a net 
increase of around 574 ac. Additionally, other placement measures will thwart severe erosion and 
subsequent seagrass and marsh loss in Keller Bay. Shown in Table O-1 is the loss/creation acreage 
for the proposed placement features identified in the DMMP 

(3) Except as provided in paragraph (4) of this subsection, dredging and the disposal and 
placement of dredged material shall not be authorized if: 

(A)  there is a practicable alternative that would have fewer adverse effects on coastal 
waters, submerged lands, critical areas, coastal shore areas, and Gulf beaches, so long 
as that alternative does not have other significant adverse effects; 

Compliance: Channel construction and placement of new work and maintenance material have 
been designed to minimize adverse impacts to the environment. Placement of new work and 
maintenance material only in existing placement areas was not an available option for this project  



Open Bay 
Bottom

Mercury 
Impacted 
Bottom

Offshore 
Bottom Upland Marsh

Oyster 
Reef

Sand 
Platform Beach Bird Island

Unconfined 
Placement

Ship 
Channel 
Bottom

High 
Marsh2

Agricultural 
Land

Onshore 
Placement 

Area
Total Area 

(acres)
Acreage Impacted 574.78 213 129.22
Acreage Created 917
Acreage Impacted 530
Acreage Created 530
Acreage Impacted 259.25 0.75
Acreage Created 140 120
Acreage Impacted 125
Acreage Created 125
Acreage Impacted 251.54 3.4 0.66 18.6
Acreage Created 260 7.1 7.1
Acreage Impacted 126
Acreage Created 63 63
Acreage Impacted 174 3.4 0.6
Acreage Created 167.8 10.2
Acreage Impacted 184.5 40 1.6 17 9.4
Acreage Created 5.2 201 30.25 16.05
Acreage Impacted 332
Acreage Created 12 320
Acreage Impacted 21.8
Acreage Created 9.2 12.6
Acreage Impacted 470
Acreage Created 20 100 325 25
Acreage Impacted 1600
Acreage Created 1600
Acreage Impacted 235
Acreage Created 235
Acreage Impacted 700
Acreage Created 700
Acreage Impacted 453
Acreage Created 453
Acreage Impacted 1350
Acreage Created 1350
Acreage Impacted 4149.4 484.5 2266.0 40.0 8.4 148.2 0.0 0.0 0.0 0.0 0.0 28.0 700.0 0.0
Acreage Created 77.4 0.0 0.0 1343.4 587.6 298.0 325.0 125.0 25.0 3403.0 917.0 23.2 0.0 700.0

1Marsh habitat acreage created will be Spartina alterniflora near mean sea level.
2High marsh areas have infrequent tidal flooding, acreage created they will be dominated by Spartina patens .
3Includes active placement areas PA18 and PA19.
4Area D oyster reef area and Area ER2 marsh and oyster reef areas estimated using aerial photos.

A2

BN1, BN2, and 
BN3

D4

TABLE P-1
ACREAGE IMPACTED/ACREAGE CREATED OF HABITATS FOR PLACEMENT AREAS IN THE PROPOSED ALTERNATIVE

Proposed Alternative
Proposed Ship 

Channel 917

PA5-12

Total

G Shoreline 
Protection

H4 Habitat Area

O5

OR1 and OR2

PA1

ER1

ER24

ER3

G

1350

7824.5

21.8

470

1600

235

453

126

178

252.5

332

P-7
441652/060332

700

530

260

125

274.2

P1

A13
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due to the size and 50-year timeframe. Sufficient upland sites are not available. See the DMMP 
(Appendix B to the MSCIP EIS) for a discussion of all placement areas and alternatives that were 
evaluated.  

(B) all appropriate and practicable steps have not been taken to minimize adverse effects 
on coastal waters, submerged lands, critical areas, coastal shore areas, and Gulf 
beaches; or 

Compliance: All practicable steps, including upland placement to the extent practicable, minimum 
channel size to meet the project needs, and extensive beneficial uses, have been taken to minimize 
adverse affects on these resources. See the DMMP (Appendix B to the MSCIP EIS) for a discussion 
of all placement areas that were evaluated and associated minimization of adverse effects.  

(C) significant degradation of critical areas under §501.23(a)(7)(E) of this title would 
result. 

Compliance: Some critical areas will be affected by the project, as noted above. However, impacts 
to critical areas have been minimized to the greatest extent practicable and net environmental 
benefits will result from the proposed DMMP measures and discussed above. See the DMMP 
(Appendix B to the MSCIP EIS) for a discussion of all placement areas that were evaluated and 
associated minimization of adverse effects.  

(4) A dredging or dredged material disposal or placement project that would be prohibited solely 
by application of paragraph (3) of this subsection may be allowed if it is determined to be of 
overriding importance to the public and national interest in light of economic impacts on 
navigation and maintenance of commercially navigable waterways. 

Compliance: Dredging and placement is not precluded by paragraph (3), as noted above. 

(b)  Adverse effects from dredging and dredged material disposal and placement shall be minimized 
as required in subsection (a) of this section. Adverse effects can be minimized by employing the 
techniques in this subsection where appropriate and practicable. 

Compliance: Adverse effects of dredging and disposal, as described in this EIS and associated 
DMMP, have been minimized as described under “Compliance” for paragraph (1) of this 
subsection. See the DMMP (Appendix B to the MSCIP EIS) for a discussion of all placement areas 
that were evaluated and associated minimization of adverse effects.  

(1) Adverse effects from dredging and dredged material disposal and placement can be 
minimized by controlling the location and dimensions of the activity. Some of the ways to 
accomplish this include: 

(A) locating and confining discharges to minimize smothering of organisms; 
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(B) locating and designing projects to avoid adverse disruption of water inundation 
patterns, water circulation, erosion and accretion processes, and other hydrodynamic 
processes; 

(C)  using existing or natural channels and basins instead of dredging new channels or 
basins, and discharging materials in areas that have been previously disturbed or used 
for disposal or placement of dredged material; 

(D) limiting the dimensions of channels, basins, and disposal and placement sites to the 
minimum reasonably required to serve the project purpose, including allowing for 
reasonable overdredging of channels and basins, and taking into account the need for 
capacity to accommodate future expansion without causing additional adverse effects; 

(E) discharging materials at sites where the substrate is composed of material similar to 
that being discharged; 

(F) locating and designing discharges to minimize the extent of any plume and otherwise 
control dispersion of material; and 

(G) avoiding the impoundment or drainage of critical areas. 

Compliance: Placement areas have been designed to minimize bay bottom impacts by using vertical 
storage of dredged material to create marshes or uplands or using upland confined placement, 
wherever practical. Changes in water circulation and salinity should have minimal impacts to 
fisheries. Erosion will be slowed by beach nourishment in certain erosional areas and barriers in 
others. Channel configuration will not change, except for expansion, and except for beneficial uses 
and upland placement, placement areas will not change. Oyster reef production may be reduced 
due to increases in salinity; however, oyster reef production reductions will be offset through the 
creation of about 298 ac of oyster reef. Discharges will be confined with reinforced levees where 
applicable. Only proper material will be used for certain substrates and uses (e.g., sandy material 
for beach nourishment or heavy clays for mercury capping). No impoundment or draining of 
critical areas will occur. 

(2)  Dredging and disposal and placement of material to be dredged shall comply with applicable 
standards for sediment toxicity. Adverse effects from constituents contained in materials 
discharged can be minimized by treatment of or limitations on the material itself. Some ways 
to accomplish this include: 

(A)  disposal or placement of dredged material in a manner that maintains physiochemical 
conditions at discharge sites and limits or reduces the potency and availability of 
pollutants; 
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(B) limiting the solid, liquid, and gaseous components of material discharged; 

(C) adding treatment substances to the discharged material; and 

(D) adding chemical flocculants to enhance the deposition of suspended particulates in 
confined disposal areas. 

Compliance: Sediments to be dredged from the MSC have been tested for a variety of chemical 
parameters of concern. There appear to be no cause for concern relative to placing these sediments 
in the Gulf or using them beneficially. A summary of these results are included in the MSCIP EIS. 
Placement areas ER1, ER2, and ER3 are proposed in areas with potential mercury contaminated 
sediments. New work clay material will be used to cap these areas in Lavaca Bay with higher 
mercury levels detected in the sediments. Concern has been expressed relative to the possibility of 
resuspending higher-mercury-concentration sediments by mud waves from capping these 
sediments but the technique outlined in the DMMP should eliminate any concerns. 

(3)  Adverse effects from dredging and dredged material disposal or placement can be minimized 
through control of the materials discharged. Some ways of accomplishing this include: 

(A) use of containment levees and sediment basins designed, constructed, and maintained 
to resist breaches, erosion, slumping, or leaching; 

(B) use of lined containment areas to reduce leaching where leaching of chemical 
constituents from the material is expected to be a problem; 

(C) capping in-place contaminated material or, selectively discharging the most 
contaminated material first and then capping it with the remaining material; 

(D) properly containing discharged material and maintaining discharge sites to prevent 
point and nonpoint pollution; and 

(E) timing the discharge to minimize adverse effects from unusually high water flows, wind, 
wave, and tidal actions. 

Compliance: Beach nourishment measures and placement in an ODMDS may have some 
temporary impacts by increasing turbidity in the area. Other proposed measures will include the 
construction of reinforced containment levees where applicable. New work material generated from 
construction activities has been tested and found not to contain harmful concentrations of 
pollutants (MSCIP EIS, Sections 3.9.3 and 3.9.4). Future maintenance material is anticipated to 
mirror existing maintenance material, which has been extensively tested and found to have no 
causes for concern (MSCIP EIS, Sections 3.9.3 and 3.9.4).  
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(4)  Adverse effects from dredging and dredged material disposal or placement can be minimized 
by controlling the manner in which material is dispersed. Some ways of accomplishing this 
include: 

(A) where environmentally desirable, distributing the material in a thin layer; 

(B) orienting material to minimize undesirable obstruction of the water current or 
circulation patterns; 

(C) using silt screens or other appropriate methods to confine suspended particulates or 
turbidity to a small area where settling or removal can occur; 

(D) using currents and circulation patterns to mix, disperse, dilute, or otherwise control the 
discharge; 

(E) minimizing turbidity by using a diffuser system or releasing material near the bottom; 

(F) selecting sites or managing discharges to confine and minimize the release of 
suspended particulates and turbidity and maintain light penetration for organisms; and 

(G) setting limits on the amount of material to be discharged per unit of time or volume of 
receiving waters. 

Compliance: All of the sites minimize or avoid adverse dispersal effects to the greatest extent 
practicable and incorporated hydro-salinity and sedimentation modeling of the area of interest. 
Material to be used as beach nourishment will be discharged directly onto the shoreline. Sequenced 
discharge points will be used to disperse material across ODMDSs. There are no sediments of 
concern. 

(5)  Adverse effects from dredging and dredged material disposal or placement operations can be 
minimized by adapting technology to the needs of each site. Some ways of accomplishing this 
include: 

(A)  using appropriate equipment, machinery, and operating techniques for access to sites 
and transport of material, including those designed to reduce damage to critical areas; 

(B) having personnel on site adequately trained in avoidance and minimization techniques 
and requirements; and 

(C) designing temporary and permanent access roads and channel spanning structures 
using culverts, open channels, and diversions that will pass both low and high water 
flows, accommodate fluctuating water levels, and maintain circulation and faunal 
movement. 
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Compliance: Where applicable, all sites in this project meet this requirement. Contracts will be 
written to ensure compliance with all standards. 

(6) Adverse effects on plant and animal populations from dredging and dredged material 
disposal or placement can be minimized by. 

(A) avoiding changes in water current and circulation patterns that would interfere with 
the movement of animals; 

(B) selecting sites or managing discharges to prevent or avoid creating habitat conducive 
to the development of undesirable predators or species that have a competitive edge 
ecologically over indigenous plants or animals; 

(C) avoiding sites having unique habitat or other value, including habitat of endangered 
species; 

(D) using planning and construction practices to institute habitat development and 
restoration to produce a new or modified environmental state of higher ecological 
value by displacement of some or all of the existing environmental characteristics; 

(E) using techniques that have been demonstrated to be effective in circumstances similar 
to those under consideration whenever possible and, when proposed development and 
restoration techniques have not yet advanced to the pilot demonstration stage, 
initiating their use on a small scale to allow corrective action if unanticipated adverse 
effects occur; 

(F) timing dredging and dredged material disposal or placement activities to avoid 
spawning or migration seasons and other biologically critical time periods; and 

(G) avoiding the destruction of remnant natural sites within areas already affected by 
development. 

Compliance: Dredged material placement sites meet these requirements. No sites that are 
advantageous for colonization of predators or nonindigenous species are proposed. Proper 
coordination with FWS and NMFS, under the requirements of the Endangered Species Act, was 
implemented. Cutterhead suction dredges do not impact sea turtle spawning or migration. Impacts 
to sea turtles will be avoided or minimized: (1) hopper dredging will be limited to the cooler months, 
when possible, when sea turtle activity and abundance is lowest; and (2) dredges will employ all 
reasonable and prudent measures included in the Biological Opinion being prepared by NMFS. 

Any information will be submitted accordingly to FWS and NMFS. 
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(7) Adverse effects on human use potential from dredging and dredged material disposal or 
placement can be minimized by: 

(A) selecting sites and following procedures to prevent or minimize any potential damage 
to the aesthetically pleasing features of the site, particularly with respect to water 
quality; 

(B) selecting sites which are not valuable as natural aquatic areas; 

(C) timing dredging and dredged material disposal or placement activities to avoid the 
seasons or periods when human recreational activity associated with the site is most 
important; and 

(D) selecting sites that will not increase incompatible human activity or require frequent 
dredge or fill maintenance activity in remote fish and wildlife areas. 

Compliance: Placement of dredged material on the beach nourishment site may temporarily 
restrict recreational use of the area by the public. Temporary and minor adverse effects to fisheries 
may result from altering or removing productive fishing grounds and interfering with fishing 
activity near or in the ODMDSs. However, beneficial use sites will contribute significantly to the 
human use potential and enjoyment of Matagorda and Lavaca Bays. The sites will create an 
estuarine environment of high habitat quality and high productivity for fish and wildlife. This will 
attract recreational fishermen. 

(8) Adverse effects from new channels and basins can be minimized by locating them at sites: 

(A) that ensure adequate flushing and avoid stagnant pockets; or 

(B) that will create the fewest practicable adverse effects on CNRAs from additional 
infrastructure such as roads, bridges, causeways, piers, docks, wharves, transmission 
line crossings, and ancillary channels reasonably likely to be constructed as a result of 
the project; or 

(C) with the least practicable risk that increased vessel traffic could result in navigation 
hazards, spills, or other forms of contamination which could adversely affect CNRAs; 

(D) provided that, for any dredging of new channels or basins subject to the requirements 
of §501.15 of this title (relating to Policy for Major Actions), data and information on 
minimization of secondary adverse effects need not be produced or evaluated to comply 
with this paragraph if such data and information is produced and evaluated in 
compliance with §501.15(b)(1) of this title. 
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Compliance: The MSC deepening and widening constitutes new work dredging to the existing ship 
channel. Some new access channels will have to be dredged to allow construction of beneficial use 
sites but these will be as minimal as possible and will not create stagnant pockets, impact any 
CNRAs except submerged lands, or navigation hazards.  

(c)  Disposal or placement of dredged material in existing contained dredge disposal sites identified 
and actively used as described in an environmental assessment or environmental impact 
statement issued prior to the effective date of this chapter shall be presumed to comply with the 
requirements of subsection (a) of this section unless modified in design, size, use, or function. 

Compliance: No existing upland confined placement areas are being modified with new work 
material. 

(d) Dredged material from dredging projects in commercially navigable waterways is a potentially 
reusable resource and must be used beneficially in accordance with this policy. 

Compliance: The majority of the new work material from this project, which has the proper 
characteristics and is from a feasible location, is being used for beach nourishment, shoreline 
protection, or habitat creation. Heavy clay material will be used to cap higher-mercury-
concentration sediments. Other uses include shoreline restoration and marsh creation. 

(1) If the costs of the beneficial use of dredged material are reasonably comparable to the costs 
of disposal in a non-beneficial manner, the material shall be used beneficially. 

(2) If the costs of the beneficial use of dredged material are significantly greater than the costs of 
disposal in a non-beneficial manner, the material shall be used beneficially unless it is 
demonstrated that the costs of using the material beneficially are not reasonably 
proportionate to the costs of the project and benefits that will result. Factors that shall be 
considered in determining whether the costs of the beneficial use are not reasonably 
proportionate to the benefits include, but are not limited to: 

(A) environmental benefits, recreational benefits, flood or storm protection benefits, 
erosion prevention benefits, and economic development benefits; 

(B) the proximity of the beneficial use site to the dredge site; and 

(C) the quantity and quality of the dredged material and its suitability for beneficial use. 

(3) Examples of the beneficial use of dredged material include, but are not limited to: 

(A) projects designed to reduce or minimize erosion or provide shoreline protection; 

(B) projects designed to create or enhance public beaches or recreational areas; 
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(C) projects designed to benefit the sediment budget or littoral system; 

(D) projects designed to improve or maintain terrestrial or aquatic wildlife habitat; 

(E) projects designed to create new terrestrial or aquatic wildlife habitat, including the 
construction of marshlands, coastal wetlands, or other critical areas; 

(F) projects designed and demonstrated to benefit benthic communities or aquatic 
vegetation; 

(G) projects designed to create wildlife management areas, parks, airports, or other public 
facilities; 

(H) projects designed to cap landfills or other waste disposal areas; 

(I) projects designed to fill private property or upgrade agricultural land, if cost-effective 
public beneficial uses are not available; and 

(J) projects designed to remediate past adverse impacts on the coastal zone. 

(e) If dredged material cannot be used beneficially as provided in subsection (d)(2) of this section, to 
avoid and otherwise minimize adverse effects as required in subsection (a) of this section, 
preference will be given to the greatest extent practicable to disposal in: 

(1) contained upland sites; 

(2) other contained sites; and 

(3) open water areas of relatively low productivity or low biological value. 

Compliance: The majority of the new work material from this project, which has the proper 
characteristics and is from a feasible location, will be used for almost all of the aforementioned 
uses. New work material not capable of being used for these purposes will be placed in an ODMDS. 
The DMMP also includes the use of maintenance material in a beneficial manner, where feasible. 

(f)  For new sites, dredged materials shall not be disposed of or placed directly on the boundaries of 
submerged lands or at such location so as to slump or migrate across the boundaries of 
submerged lands in the absence of an agreement between the affected public owner and the 
adjoining private owner or owners that defines the location of the boundary or boundaries 
affected by the deposition of the dredged material. 

Compliance: Placement areas are designed to prevent impacts to adjoining private lands. All 
property rights and boundaries associated with submerged lands will be observed. 
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CONCLUSION 

Based on this evaluation of the proposed project’s compliance with Federal goals and policies, the 
proposed MSCIP is consistent with the Federal goals and objectives of the CZMP. 
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